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FROM THE EDITOR 


Wintertime delights 


Visible in the 
winter sky, globular 
cluster NGC 2419 

is sometimes called 
the “Intergalactic 
Wanderer.” Lying 
275,000 light-years 
away, it is extra- 
ordinarily distant. 
ADAM BLOCK/MOUNT 
LEMMON SKYCENTER/ 
UNIVERSITY OF ARIZONA 


Follow the 


Dave's Universe blog: 
www.Astronomy. 
com/davesuniverse 
Follow Dave Eicher 
on Twitter: 
@deicherstar 


When I first arrived in 
Wisconsin, I was an unstop- 
pable force of observing. 
Ignoring the harsh winter weather, 
night after night I hauled a 17.5-inch 
Dobsonian north of Milwaukee, along 
the shore of Lake Michigan, and went 
after all the galaxies and nebulae I 
could. Frigid temps and wind were no 
match: When it was super cold, I 
observed for 10 or 15 minutes and 
then piled into my running truck for 
10 minutes to warm up. And then 
repeated the cycle. 

Well, I don’t have as much stamina 
for cold-weather observing as I once 
did, but the winter sky still holds spec- 
tacular treats. Michael Bakich’s story “Astronomy’s Tips for Winter 
Observing,” delivers comprehensive advice on tackling the glisten- 
ing highlights of the this seasonal sky. You'll find lots of practical 
info in that piece that will help you make the most of those precious 
moments when, if you're in a place like Wisconsin, you'll want to 
soak up the view efficiently before your eyes freeze up. 

Gems abound in the sparkling sky of the winter Milky Way. 
Obvious treasures like the Orion Nebula, the Crab Nebula, and the 
Pleiades are no doubt favorites. But all manner of intriguing and 
lesser-known quarries lie scattered, awaiting your attention and a 
dark, moonless sky. 

You can even spot a few galaxies in the wintertime evening sky, 
peering away from the plane of the Milky Way. You might spy some 
in the north, from Cepheus through Cassiopeia to Camelopardalis. 
And rising in the east will be the start of the realm of the galaxies, 
including countless targets in Canes Venatici, Ursa Major, Leo, and 
Coma Berenices. 

Don’t let cold weather impede your wintertime observing goals. 
Some of the most beautiful telescopic sights you can see exist under 
chilled skies, and you'll be glad you opened your eyes in the path of 
their photons. 


Yours truly, 


Cas 


David J. Eicher 
Editor 
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ASTRO LETTERS 


We welcome 

your comments 
at Astronomy Letters, 
P.O. Box 1612, 
Waukesha, WI 53187; 
or email to letters@ 
astronomy.com. 
Please include your 
name, city, state, and 
country. Letters may 
be edited for space 
and clarity. 


Flashes of red 

I just read Stephen James O’Meara’s 
article on red meteors in the September 
2021 issue. I saw one myself back 

in March 2018. I am an avid visual 
observer from Pennsylvania and was 
taking a break from my scope to enjoy 
the clear skies above. By chance, I was tracing out Lynx 
when a meteor appeared. It was about as bright as Mars 
at opposition but with a much deeper red tone. It trav- 
eled from Lynx through Leo Minor and Leo. What 
struck me as much as the color was the velocity. It was 
the slowest meteor I can ever recall seeing. I also do a 
fair amount of meteor observing, so anytime I see one 

I always make a mental note of its path. When I fin- 
ished packing everything up for the evening, I did some 


research and discovered that I had seen a March Lyncid. 


— Mike Rothgeb, Salix, PA 


Here's to amateur astronomers 

I really enjoyed the September 2021 article “Celebrating 
a century of variable star astronomy.” Variable stars 

are such an important way for amateur astronomers to 


RS Puppis, a Cepheid variable, is one 
example of a variable star. nasa, esa, AND 
THE HUBBLE HERITAGE TEAM (STSCI/AURA)-HUBBLE/EUROPE 
COLLABORATION. ACKNOWLEDGMENT: H. BOND (STSCI AND 
PENN STATE UNIVERSITY) 


contribute to the science of astron- 
omy. To that point, I'd like to men- 
tion someone who Harlow Shapley, 
the former director of the Harvard 
College Observatory, described as 
“world’s greatest non-professional 
astronomer”: Leslie Peltier. From 
the age of 18 until his death in 1980, Peltier never 
missed sending in a monthly report to the American 
Association of Variable Star Observers (AAVSO). Over 
his lifetime, he contributed more than 132,000 observa- 
tions to the AAVSO. —Kelly Havey, Redding, CA 


Corrections 

The “Cataloging our stellar neighbors” illustration on 
page 63 of the August issue erroneously listed the dis- 
tance to Procyon A and B as 1.4 light-years. The correct 
distance to the Procyon system is 11.4 light-years. 


Our readers pointed out an error in “Explore the 
wonders of Jupiter,” from our August issue. Jupiter 
isn’t 373,000 miles away, as we printed, but is instead 
379 million miles away. 


Private Island Viewing 


Indonesia 


with Astronomer Bob Berman 


Total Solar Eclipse 


April 13 - 25, 2023 


space is limited 
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SNAPSHOT 


TWIN 
JETS 


Hubble snaps 
an image 

of a bizarre 
object. 


The Orion B molecular 
cloud hides HH111, a 
prime example of a rare 
celestial phenomenon 
generated by protostars 
— very young stars still in 
the process of coalescing. 
Even as protostars gather 
material from the accre- 
tion disks around them, 
they sometimes expel 
material from their poles 
as well. These jets are 
extremely fast — typically 
moving at hundreds of 
miles per second. When 
the jets collide with 
clouds of gas and dust 
surrounding the baby star, 
a Herbig-Haro object like 
HH111 is born. 

The objects release 
plenty of optical light, 
but are surrounded 
by gas and dust that 
subsequently absorb it. 
To capture this image 
of HH111, the Hubble 
Space Telescope used its 
Wide Field Camera 3, 
which can observe at the 
infrared wavelengths, 
to reveal the object. 

— CAITLYN BUONGIORNO 


ASTEROID MILLENNIAL 
In August 2021, the near- 
Earth asteroids 2021 PJI 
and 2016 AJ193 (above) 
became the 1,000th and 
1,001st such objects 
observed with planetary 
radar — which sends out 
powerful signals used to 
determine asteroid orbits 
— since 1968, 


‘QUANTUM GRAVITY 


EVERYTHING YOU NEED TO KNOW ABOUT THE UNIVERSE THIS MONTH 


DEATH BY MERGER 
Astronomers have 

found evidence of a 
never-before-seen type of 
supernova that detonated 
in 2014. The collision of 

a neutron star or black 
hole disrupted the star's 
internal nuclear reactions, 
causing its core to 
violently collapse. 


ATMOSPHERE HALF FULL 
Jupiter's icy moon 
Europa has a persistent 
atmosphere of water 
vapor, according to 

an analysis of Hubble 
Space Telescope data. 
But it exists only in the 
hemisphere opposite 
its direction of orbital 
motion. 


WWW.ASTRONOMY.COM 


AN EXOPLANET ORBITING 


Astronomers may have found the first 
planet that orbits a trio of suns. 


THREE STARS? 


Some 1,300 light-years away 


——=-7)) | in the constellation Orion 


the Hunter is the triple-star system 
GW Orionis. This trio of young stars is 
only about 1 million years old and still 
surrounded by a disk of dust and gas 
left over from their formation. This so- 
called protoplanetary disk is organized 
into three concentric rings, none of 
which are aligned with any of the 
orbits of the three stars. Additionally, 
the innermost ring is out of alignment 
with the outer two rings; it also tilts 
and wobbles as it orbits. And there’s a 
large gap between the inner and middle 
rings, indicating the material there has 
been cleared out. 

A paper published Sept. 17 
in Monthly Notices of the Royal 
Astronomical Society suggests the 
reason for that last oddity is a so-called 
circumtriple planet (or planets) forming 
within the disk, orbiting all three stars 


COMPLEX RINGS. The image at left, taken 
with the ALMA radio array, shows rings and 
gaps in the massive disk around GW Orionis. 
At right, a SPHERE image shows how the 
disk’s inner region is warped and twisted; 
the dark spot at center is the shadow of the 
inner ring. ata (eso/NAos/NRAO), ESO/EXETER/KRAUS ET AL. 


at once and clearing out material to 
form the gap. 


MAKING SPACE 

Gaps in protoplanetary disks often 
indicate where planets are forming 
within them. As a planet pulls in 
nearby gas and dust to grow, it clears 
out its surroundings. But in this case, 
researchers weren't sure whether the 
disk’s behavior should be attributed 
to a fledgling planet or the three stars 
whirling in a complex dance at its 
center. 

They found, based on 3D modeling, 
that the stars’ gravity can’t produce 
enough torque to create the observed 
gap. Instead, the researchers say, it is 
likely due to at least one Jupiter-sized 


planet forming there. If confirmed, 

it would be the first exoplanet found 
orbiting three stars. (Although planets 
have been found in nearly 30 triple 
systems to date, none of these other 
worlds orbit all three stars.) 

The supposed planet orbits about 
100 astronomical units (AU) from the 
center, where 1 AU is the average Earth- 
Sun distance. The stars themselves 
are much closer: Two orbit each other 
separated by just 1 AU, while the third 
orbits both of these some 8 AU from 
the system’s center. 

Because this research only provides 
indirect evidence for the planet, the 
next step is actually spotting the 
strange world. Unfortunately, the 
authors conclude, that’s tricky in 
a system this complex. Still, more 
observations are coming down the pike, 
which may yet reveal a glimpse of a 
truly unique young world. — ALISON KLESMAN 


Some white dwarfs can 
look young again 


AS A SUN-LIKE STAR AGES, it 
puffs up and blows away its outer 
atmosphere, even as nuclear fusion in 
the core putters out as its hydrogen 
fuel disappears. Eventually, a remnant 
composed of mainly carbon and 
oxygen — called a white dwarf — is 
left behind. Like a smoldering ember, 
this remnant glows brightly with 
leftover heat at first, then slowly cools 
and dims. 

Astronomers believed this cooling 
was so reliable that they have long 
used an established relationship based 
on a white dwarf’s temperature to 
determine its age. But now, Hubble 
Space Telescope observations are 
painting a slightly different picture. 
Researchers looking at aging white 
dwarfs within two globular clusters, 
M3 and M13, discovered that in M13, 
some 70 percent of white dwarfs aren’t 
passively cooling. Instead they are 
still burning hydrogen — not in their 
core, but on their surface. It appears 
that somehow, these stars held onto 


some of their hydrogen atmosphere 
instead of blowing it completely away. 

This is at odds with the current pic- 
ture of stellar evolution, the research- 
ers say. And because astronomers 
calculate the age of a white dwarf from 
its temperature, the fact that some 
continue burning hydrogen envelopes 
could throw that estimate off because 
they are hotter — and thus appear 
younger than they actually are. 

The team isn’t sure how or why 
some of M13’s white dwarfs retained a 
thin envelope of hydrogen to burn in 
the first place. What’s more, no white 
dwarfs in M3 show this odd behavior. 
But M3 and M13 have different 
populations of stars, meaning their 
resulting white dwarfs should also 
be different. Now, the team wants to 
study clusters more like M13 to see 
whether their white dwarfs are still 
burning hydrogen — and begin delv- 
ing more deeply into what this means 
for how we measure white dwarf ages 
throughout the galaxy. —AxK. 


FOUNTAIN OF YOUTH. New Hubble observations of the globular cluster M13 show some of its 
white dwarfs are still burning hydrogen on their surface, making them appear younger than 


expected. nasa, SA, AND THE HUBBLE HERITAGE TEAM (STSCI/AURA); ACKNOWLEDGMENT: C. BAILYN (YALE UNIVERSITY), W. LEWIN 
(MASSACHUSETTS INSTITUTE OF TECHNOLOGY), A. SARAJEDINI (UNIVERSITY OF FLORIDA), AND W. VAN ALTENA (YALE UNIVERSITY) 


BRAIN DAMAGE 

A study of five male cosmonauts who 
spent an average of 169 days aboard the 
International Space Station found long- 

duration spaceflights lead to elevated 

levels of three biomarkers associated 

with brain damage: NFL, GFAP, and 
amyloid beta protein AB40. 


LUNAR LOOT 

In December 2020, China's Chang’e 5 
mission returned lunar samples to Earth 
for the first time in 45 years. Analyses 
show that lava was likely still flowing on 

the lunar surface less than 2 billion 

years ago, raising questions about how 
the Moon retained its heat for so long. 


SUPER ERUPTIONS 

Mars’ northern Arabia Terra region likely 
experienced thousands of massive 
volcanic eruptions within a roughly 
500-million-year-long period some 

4 billion years ago, according to recently 
analyzed images from NASA's Mars 

Reconnaissance Orbiter. 


WHO'S CALLING? 

A strange radio signal from the direction 
of our galaxy's core has astronomers 
pondering the existence of a new type 
of stellar object. The mysterious radio 
waves are highly polarized and the 
direction of their polarization rotates with 
time. Additionally, their source varies in 
brightness by a factor of 100, flickering 
on and off seemingly at random. 


LUCY'S LATCH 
After launching Oct. 16, 2021, on a 
mission to explore eight asteroids, 
NASA's Lucy spacecraft deployed its two 
expansive solar arrays. However, at the 
time of this writing, one of the circular 
arrays has failed to fully latch. For now, 
NASA says Lucy is not in danger and will 
continue to operate normally. 


HONDA ROCKET 
Japanese carmaker Honda unveiled its 
plan to develop and test launch a 
partially reusable rocket by 2030. 
Though details are scarce, the rocket 
will reportedly use liquid propellant to 
send small satellites (less than 1 ton) 
into low Earth orbit. —JAKE PARKS 
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The silver screen heads to space 


yy The world of Hollywood 
has left Earth and ven- 


tured to space. 

William Shatner, best known 
for playing Captain James T. 
Kirk in Star Trek, took a ride 
on Blue Origin’s New Shepard 
rocket Oct. 13. 

The flight, designated NS-18, 
launched from West Texas and 
reached an altitude of about 
66.5 miles (107 kilometers). It 
thus passed the Karman line, 
the commonly recognized 


boundary of space, which is 
62 miles (100 km) high. At 90, 
Shatner became the oldest 
person to have flown to space. 
The NS-18 crew included 
Blue Origin vice president 
of mission and flight opera- 
tions Audrey Powers; Chris 
Boshuizen, co-founder of satel- 
lite firm Planet Labs; and Glen 
de Vries, a medical software 
mogul. De Vries died in a small 
plane crash Nov. 11. 
The launch came as Blue 


to right: Chris Boshuizen, William Shatner, Audrey Powers, and Glen de 
Vries). Above are the Soyuz MS-19 crew members (from left: Yulia Peresild, 
Anton Shkaplerov, and Klim Shipenko). stue oriain; nasavisc 


Origin faces increased scru- 
tiny of its working culture, On 
Oct. 11, The Washington Post 
reported allegations from 
former employees regarding 
the company’s culture and 
leadership, including sexism. 
An executive told the Post the 
company takes “all claims seri- 
ously” and does not tolerate 
discrimination or harassment. 
While Shatner launched to 
space, a Russian film crew 
was also making history. Actor 


Yulia Peresild and director 
Klim Shipenko spent time 
on the International Space 
Station (ISS), filming for the 
movie The Challenge. The film 
is about a surgeon who rushes 
to space to save a cosmonaut 
who needs an operation. 

The film crew remained 
on the ISS for 12 days after 
blasting off Oct. 5. Cosmonaut 
Oleg Novitskiy joined them 
on their return back to Earth. 
—HAILEY ROSE MCLAUGHLIN 


Astronomers peer into our solar system's future 


The ultimate fate of the Sun is well 
known. In about 5 billion years, our 
star will have used up all the hydrogen 
fuel in its core. This will kick-start its 
red giant phase, in which the Sun’s 
outer layers balloon outward while its 
core starts to fuse helium. This phase is 
relatively short-lived, lasting only about 
a billion years. After this, our star will 


CRYSTAL BALL. A Jupiter-like exoplanet orbits 
a distant white dwarf in this artist's concept. 
The recently discovered system mirrors what 
scientists believe will be the fate of our own 


solar system after the Sun dies. wa. keck 
OBSERVATORY/ADAM MAKARENKO 


blow off its outer layers, leaving only a 
dense compact stellar cinder, known as 
a white dwarf, behind. 

But what will happen to the planets 
in our solar system? A recent discovery 
from the W.M. Keck Observatory on 
Mauna Kea in Hawaii may provide a 
crystal ball for researchers. Containing 
a white dwarf orbited by a Jupiter-like 
planet in a Jupiter-like orbit, the system 
is the first discovered to resemble our 
potential future. 

“This evidence confirms that planets 
orbiting at a large enough distance can 


FOURTH TIME'S 
THE CHARM 


IN 2016, scientists spotted not one, not two, 
but three views of the same supernova, referred 
to as Supernova Requiem. And they expect 

it to appear again in 2037. This is possible 
thanks to a galaxy cluster, MACS J0138, that 
sits about 6 billion light-years closer to us than 
the supernova itself. The mass of this cluster 
— about a billion times that of the Sun — is so 
great that it bends the light streaming from the 
distant explosion around it, an effect known as 
gravitational lensing. However, because mass 
isn’t evenly distributed within the cluster, light 
from Supernova Requiem takes slightly different 
paths, resulting in different arrival times at 
Earth. The three views of the explosion in this 
Hubble image also vary slightly in brightness 
and color, indicating they’re showing three 
different phases of the supernova. —C.B. 


LEAD AUTHOR: STEVE A. RODNEY (UNIVERSITY OF SOUTH CAROLINA), GABRIEL BRAMMER 
(COSMIC DAWN CENTER/NIELS BOHR INSTITUTE/UNIVERSITY OF COPENHAGEN); IMAGE 
PROCESSING: JOSEPH DEPASQUALE (STSCI) 


continue to exist after their star’s death,” said 
lead author Joshua Blackman, an astronomy 
postdoctoral researcher at the University of 
Tasmania in Australia, in a press release. 

Mercury and Venus will be swallowed by the 
ballooning Sun, and most signs point to Earth 
suffering that same fate. Mars may be the only 
inner planet lucky enough to escape. 

The future is much rosier for Jupiter and 
Saturn. “If humankind wanted to move to a 
moon of Jupiter or Saturn before the Sun fried 
the Earth during its red supergiant phase, 
we'd still remain in orbit around the Sun,” 
said co-author David Bennett of the University 
of Maryland and NASA’s Goddard Space 
Flight Center. But avoiding a scorching death 
would leave the door open for a frozen future. 
Eventually the Sun will collapse into a white 
dwarf, meaning that heat from our star would 
be extremely limited at that distance. —c.. 


Drip, drop. Have you ever thought about the physics of raindrops? Two 
researchers at Harvard University did, publishing a paper March 15, 2021, in 
the Journal of Geophysical Research: Planets that details how large water 
raindrops could get on other planets. They found that on rocky worlds, only 
raindrops of a certain size successfully complete the journey between a 
cloud and the ground. Drops that are too small evaporate before reaching 
the surface, while those that are too large break up on the way. That size is 
determined largely by the planet's mass — and therefore its gravitational pull. 
Higher gravity results in smaller raindrops, and vice versa. Note that not all 
worlds shown have the right temperature or pressure for liquid water rain, 
or a solid surface for drops to fall on. -ax. 


A COMPARISON OF ALIEN RAINDROPS 


How big can water raindrops get on other solar system worlds? 


GRAVITATIONAL MAXIMUM 
PULL WATER 
WORLD (relative to Earth) RAINDROP SIZE 


GRAIN 
OF RICE 


nas 


0.24 inch 


6mm 


0.7 inch/18 mm 


0.75 inch 
19mm 


0.28 inch/7 mm 


1.2 inches/30 mm 
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QUANTUM GRAVITY 


LOST LAKE. An illustration shows how Jezero Crater's lake was fed by a river flowing in from its 


northwest (upper left), while overflow streamed out of a channel at the lake's eastern edge (at right). 


NASA/JPL-CALTECH 


Martian floods filled 


Jezero Crater 


») Researchers chose Jezero Crater 
as the landing site for NASA’s 

latest Mars rover, Perseverance, because 

the site appeared to be an ancient 

lake that was fed by a river roughly 

3.7 billion years ago. Now, mission 

scientists have confirmed this — and 

also found that the region experienced 

flash floods, carrying boulders into the 

lake from up to tens of miles away. 

The research, published Oct. 7 in 
Science, is based on images the rover 
took in the first three months after 
landing in Jezero Feb. 18, 2021. Its cam- 
eras zoomed in on two regions roughly 
1.3 miles (2.2 kilometers) distant with 
exposed rocky outcrops. 

One of these features, named 
Kodiak, is a butte west of the rover 
with exposed rock layers up to 80 feet 
(25 meters) high. Several places on the 
butte feature a distinct structure: a set 
of layers at a slanted angle, sandwiched 
between parallel rock layers above and 
below. 

These slanted rock layers, known as 
foresets, are characteristic of former 
river deltas. As a river dumps mud and 
clay into a body of water, that sediment 
forms an underwater fan-shaped 
mound that drops off sharply away 
from shore. Those submerged slopes 
eventually become angled rock layers. 
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“This is the key observation that 
enables us to once and for all confirm 
the presence of a lake and river delta 
at Jezero,” said Nicolas Mangold, the 
paper’s lead author and a researcher 
at the Laboratories de Planétologie et 
Géodynamique in Nantes, France, in 
a statement. 

Perseverance also imaged four 
outcrops on the wall of the river delta 
itself, which rises 200 feet (60 m) 
above the crater floor. Its lower levels 
are made of fine-grained, angled rock 
layers, similar to those at Kodiak. But 
on top of them was a surprise: a rock 
layer containing “boulders up to 5 feet 
[1.5 m] across that we knew had no 
business being there,” said Mangold. 

Evidently, the river flowed steadily 
in its early years, building up the delta’s 
lower layers. But at some later time, it 
experienced episodes of flash flooding 
— perhaps triggered by intense rainfall 
or volcanoes suddenly melting snow — 
capable of carrying the boulders. 

The findings will also help mission 
planners. To search for samples that 
may harbor signs of ancient life, the 
team will guide Perseverance to the 
fine-grained material in the lower rock 
layers, as the steady buildup of material 
may have preserved organic matter or 
other biosignatures. — MARK ZASTROW 


NASA HAUGHTON-MARS PROJECT/PASCAL LEE 
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NASA TESTS 
SPACESUITS 
FOR ARTEMIS 


No, this isn’t space art — it’s 
Oregon. In August 2021, 
NASA's Haughton-Mars 
Project tested a series of new 
spacesuit technologies at a set 
of sites in Oregon where the 
terrain mimics the landscapes 
of the Moon and Mars. Some 
of the locations had been 
previously used to train Apollo 
astronauts. Others were chosen 
to reflect unique environments 
that Artemis astronauts are 
expected to explore — like 
lunar pits and caves in ancient 
lava tubes, represented by 
Skylight Cave in Deschutes 
National Forest, pictured here. 
Technologies tested included 
displays embedded in helmets 
for astronauts to track their 
health status and checklists, 
and smart gloves that would 
allow wearers to control 
robotic machinery with hand 
gestures, -MZ. 


STRANGE UNIVERSE 


What's the best? 


Choosing your favorite constellation requires 
some serious consideration. 


Orion (at left) is 
immortalized in the 
sky fighting with 
Taurus the Bull, 
whose V-shaped 
head and small body 
sit on the right side of 
this image. sam peLone 


BY BOB BERMAN 
Bob’s recent book, 
Earth-Shattering 
(Little, Brown and 
Company, 2019), 
explores the greatest 
cataclysms that have 
shaken the universe. 


February is official Choose Your Favorite 

>) Constellation Month. Well, OK — maybe it’s 

not exactly official. I just made it up. But with 

the holidays over, the nights still lengthy, and the 

deepest cold behind us, let’s join the procession of 

skygazing poets, philosophers, and science lovers 

spanning cultures and centuries who have deemed one 
constellation worthier than the rest. 

After all, not a single one of them has 


obviously a giraffe, we all see it, now go to bed.” The 
rumor spread and soon everyone was stuck with it. 

Equuleus, Sculptor, Mensa, Grus — the forgettable 
patterns are easy to spot because they're hard to spot. 
Conversely, if we assess winners based on their 
faithfulness to what they’re supposed to 
resemble, then in my opinion, only two could 
achieve first place: Orion and Scorpius. Thanks 
to his striking belt, Orion really does look like a 
person, even if the ancient Sumerians saw these 
same stars as a sheep instead of a man. Still, the 
recognizable belt alone isn’t what qualifies him 
as a hunter. Other occupations also wear belts, 
by which logic Orion could just as easily be a 
taekwondo instructor or an accountant. 

But a hunter he is, even if he appears to be 
fighting with a bull using only his shield, while 
his sword hangs from that recognizable belt. 
While many licensed hunters might question the 
wisdom of trying to obtain dinner by engaging 
a bull in hand-to-hand combat, the Greek gods 
apparently sympathized by making his adver- 
sary a bull that consists of only a head, along 
with a miniature body formed solely by the little 
Pleiades star cluster. 

Scorpius suffers no such anatomical defects. In 
southern locales where its magnificent tail ascends high 
above the horizon, it may well take the trophy, espe- 
cially with its countless blue stars contrasting so vividly 
with the single blazing orange heart marked by Antares. 
Still, it’s a close call. 

Alternatively, the largest constellation 


ever been recorded as saying, “I like all the We all have might be deemed the best, but alas, there’s 
constellations equally,” because that would favorites. no clear standout. The sky presents a close 
be a transparent lie. We all have favorites. Favorite three-way tie. Hydra takes up 1,303 square 
Favorite political parties, favorite restau- pol itical degrees, just nine more than Virgo, which 


rants, favorite cars. And favorite 
constellations. 

Still, picking just one is a tall order. If 
youre still deciding, a helpful method is to 
first eliminate the barely-there patterns 


parties, favorite 


restaurants, 
favorite cars. 
And favorite 


in turn has just 14 more than Ursa Major. 
This trio alone occupies some 10 percent of 
the sky! By contrast, the three smallest star 
figures — Crux, Equuleus, and Sagitta — 
together inhabit just half of one percent. 


like Sextans, which resembles a sextant in 
the way I resemble George Clooney. Of the 
88 constellations, half are easy to toss out 
due to faintness or incomprehensibility. Leo Minor gets 
whacked, along with Camelopardalis, which is a cir- 
cumpolar Giraffe that stares at us every clear night, 
even if you've never noticed it. 

How did that last one even get started? We at least 
know the perpetrator — Dutch theologian and cartog- 
rapher Petrus Plancius — and that the crime happened 
410 years ago. We'll have to fill in unknown details with 
educated guesses. One night, Plancius — perhaps after 
imbibing a bit — insisted there was a giraffe in the sky 
until his friends humored him. “Sure, Pete, it’s 


constellations. 


Or should the winning constellation be 
the home of the most famous star? If so, 
the trophy belongs to either Ursa Minor 
(which contains the North Star) or else Canis Major, 
blazing fiercely with Sirius, the night’s brightest in a 
landslide. The Dog Star has lots of cultural lore, though 
its competitor Polaris is more useful for navigation. 

Alas, there are too many worthy categories. And we 
haven’t even considered those containing extraordinary 
telescope targets. So, you're free to choose your own. 
There’s no wrong answer. Except maybe the giraffe. » 


ly 
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OBSERVING BASICS 


Farewell tour 


It's time to start recapping the past 20 years. 


Orion stands above 
Bow River in this shot 
taken from the Siksika 
Nation reserve in 
southern Alberta. 
Sirius in Canis Major 
is seen rising, while 
Aldebaran and the 
Hyades in Taurus are 
visible at top. Castor 
and Pollux in Gemini 
are visible at left, and 
above them is Procyon 
in Canis Minor. The 
Beehive Cluster in 
Cancer is at far left. 
ALAN DYER 
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BY GLENN CHAPLE 
Glenn has been an 
avid observer since 

a friend showed 

him Saturn through 
a small backyard 
scope in 1963. 


As I mentioned in my last column, 2022 will be 

>) the year of my farewell tour as the author of 

Observing Basics. I could keep writing until 

my dying day, but I prefer to be around to read my final 

piece! In the months ahead, I'll review some of the most 

important skygazing skills I've covered during my 20 
years at the helm of this introductory column. 

At the top of that list is a familiarity with the night sky. 

Thanks to today’s technology, you can track 

down any constellation or bright star with a 


look halfway up in the sky to see if you can trace the rest 
of the hunter. It’s a can’t-miss sight about equal in size to 
your outstretched hand with your fingers held together. 
Orion points the way to several major winter stars and 
constellations. If you follow a line formed by the Belt 
southeastward, you'll find a sparkling stellar diamond. 
This is Sirius, brightest of all nighttime stars and the 
leader of the constellation Canis Major the Big Dog. By 
following that same line back to the belt and continuing 
an equal distance beyond, you'll reach a bright, ruddy- 
looking star. This is Aldebaran, which teams up with a 
handful of adjacent stars to form the V-shaped head of 
Taurus the Bull. Continue a short distance farther to 
reach a delicate cluster of stars named the Pleiades (M45). 
Not only will the Star Dome help you easily locate 
bright stars and constellations, it will also allow you to 
identify those you encounter but don’t already know. Did 
you notice a bright star shining almost directly over- 
head? The Star Dome shows that’s Capella in Auriga the 
Charioteer. The pair of 
bright stars shining nearby 
are Pollux and Castor in 
Gemini the Twins. What 
about the bright star mid- 
way between that pair and 
Sirius? That’s Procyon, the 
only bright star in Canis 
Minor the Little Dog. 
Spend time alternating 
between the Star Dome 
and the real sky until you 
can identify major winter 
stars and constellations on your own. If you want to 
spread your cosmic wings and explore other parts of the 
February sky, face the direction you're interested in and 
rotate the Star Dome until that direction is at the bottom. 
Can you find the constellation Leo the Lion, 
which is rising in the eastern sky after sunset 


Pick up your 
planisphere at 
MyScienceShop.com 


smartphone app. But there’s something If you nee d and is home to the stately star Regulus? 
empowering about being able to step outside = The Star Dome is a monthly guide to 
on a clear night and navigate the stellar seas to acquaint what’s up in the evening sky. But what if you 
without fiddling with an electronic gizmo. yourself with — wantto explore the morning sky so you can 
If you need to acquaint yourself with the the starry take in a whole new stellar panorama? This 
starry firmament, you're in luck. Winter is an firmament, is where a device called a planisphere comes 
ideal time to start learning. The constellation y ou're in in handy. You might think of a planisphere 
Orion the Hunter, the best possible guide- lnek as an “anytime” Star Dome. It has two rotat- 


post, is currently in our evening sky. Night 
Sky 101 begins by going outside an hour after 
sunset on a clear moonless evening. Bring 
this copy of Astronomy (with the Star Dome sky map on 
page 34 bookmarked), plus a red-filtered flashlight to 
preserve your night vision while illuminating the map. 
Facing south, hold the magazine in front of you like a 
car’s steering wheel and orient it so that south on the Star 
Dome faces downward. On the map, Orion is midway 
between the southern horizon and the zenith — the point 
straight overhead in the real sky and the middle spot on 
the map. Orion is comprised ofa rectangle of bright stars 
with Betelgeuse and Rigel at opposite corners. At its center 
is a striking row of three bright stars: Orion’s Belt. Now 


ing parts joined at the center: a star wheel 
that includes all stars and constellations vis- 
ible from the Northern Hemisphere, and a 
horizon mask with an oval window. Align the date on 
the star wheel with the time on the mask, and you have 
a personalized Star Dome! You can pick up a planisphere 
at your local science museum or planetarium, or order 
one online at MyScienceShop.com. 

Questions, comments, or suggestions? Email me at 
gchaple@hotmail.com. Next month: binocular basics. 
Clear skies! 9 


A 


BROWSE THE “OBSERVING BASICS" ARCHIVE 
AT www.Astronomy.com/Chaple 
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SECRET SKY 


A martian 
comet crash? 


Analysis of historical imagery may have 
uncovered a cometary impact on Mars. 


Three images of Mars 
taken by four different 
observers — Jim Melka 
and Rick Melvin (top), 
George Fiedler 
(center), and Lionel 
Brown (bottom) — 

on Sept. 2, 1973. The 
images cover the 
course of nearly three 
hours. Note that the 
pair of clouds in the 
Melka/Melvin image 
coalesce over time into 
a single obscuration. 
Note also the dimming 
of the south polar cap. 
TOP: JIM MELKA, RICK MELVIN; 
CENTER: GEORGE FIEDLER; BOTTOM: 
LIONEL BROWN; IMAGES COURTESY 
OF JIM MELKA. 


BY STEPHEN 
JAMES O’MEARA 
Stephen is a globe- 
trotting observer who 
is always looking 

for the next great 
celestial event. 


The beauty of keeping 
observing records — 
whether images, a log- 


book, or sketches — is that they 
may be important in the future. A 
recent investigation of Mars 
proves this point. 

In 1973, the McDonnell 


coalesced into a single circular obscuration that spanned 
24° of longitude and covered much of Solis Lacus. 
In addition, the initial cloud pairing obscured a dark, 


barlike surface feature in Daedalia and Phasis in the 


South polar 
cap (SPC) 


Mare — Southern 
Erythraeum cloud 


~~ Northern 
Chryse “/ cloud 


Aurorae 
Sinus 


SPC 
— clouded over 


Mare — Southern 
Erythraeum Be cloud 


Northern 
cloud 


Aurorae 


northwest quadrant of the Solis 
Lacus region that was once again 
visible in Brown’s image. In a 
2020 report for the Journal of the 
Association of Lunar and 
Planetary Observers, Melka 
writes that as far as he knows, 
“such rapid changes in clouds 
and obscurations on Mars are 
unique to these observations.” 
These odd clouds might have 
gone down as a historical foot- 
note. But recently, Melka came 
across maps produced by NASA’s 
Mariner 9 probe while it orbited 
Mars in 1971 and 1972 — before 
the clouds were sighted. Melka 
realized he could investigate a 


Sinus 
Douglas Amateur Astronomers 


Club of St. Louis, Missouri, orga- 
nized an amateur observing 
campaign of Mars, which led toa 
curious finding. On the morning 
of Sept. 2, Jim Melka and Rick 
Melvin of St. Louis used an 8-inch 
Newtonian reflector to image 
Mars with a 35mm camera. At 
7:50 Universal Time (UT), they 
recorded a peculiar pair of north- 
south-oriented clouds, their 
perimeters touching. 

Visually, the clouds resembled a figure 
eight and appeared as bright as the south 
polar cap. Their timing was odd — during 


Coalesced 
clouds 


_— clouded over 


Their images 


hypothesis: The clouds were 
caused by a comet smashing into 
the Red Planet. 

Melka compared Mariner 9’s 
SPC maps to images from the Viking 
Orbiter in 1976 — three years 
after the clouds were observed. 
He found a cluster of six new 
craters where he had spied the 
northern cloud. These craters 
have diameters ranging from 
2.6 miles (4.2 km) up to 6.2 miles 
(10 km). At that size, they should 
have been visible in Mariner 9’s 
survey — but they weren’t. Thus, they must 
have been fresh when Viking spotted them. 
Images from NASA’s Mars Reconnaissance 


Dark bar 


early winter in Mars’ northernhemisphere, Showed the _ Orbiter back this up, showing the craters to 
when the planet’s atmosphere is normally clouds be very young and pristine in appearance. 
too dry to support discrete clouds. And they ch anging Melka proposes that these craters and the 
were unlike any other known cloud features appearance unusual phenomena that he and his fellow 
on the Red Planet, such as frosts or fogs. observers witnessed nearly a half-century 
Melka later determined the clouds were overa ago were all caused by a comet impact. Ice 
in the planet’s southwestern quadrant in the remarkably the comet deposited in the atmosphere could 
Solis Lacus, the famous Eye of Mars. The short period explain the formation of the bright clouds. 
northern cloud was 430 miles (692 kilome- of time. And shock waves from the impacts could 


ters) wide, and the southern one 378 miles 
(608 km) wide. 

Two other observers also imaged these 
clouds: George Fiedler, also of St. Louis, 31 minutes 
later; and Lionel Brown of Las Cruces, New Mexico, two 
hours and 21 minutes after Fiedler. 

Their images showed the clouds changing appear- 
ance over a remarkably short period of time. In Fiedler’s 
image, the two clouds appeared to be merging, and the 
south polar cap had greatly dimmed in the half-hour 
since Melka and Melvin’s observation. Brown’s image 
also showed a veiled polar cap, with the two clouds now 


have lifted a blanket of dust over the entire 
southwestern quadrant of Mars, obscuring 
all albedo features in that area. If he’s right, 
it would be the earliest photographic detection of a 
comet impacting a planet — predating the 1994 plunge 
into Jupiter of Comet Shoemaker-Levy 9 (D/1993 F2). 
Send thoughts and comments to Melka at jtmelka@ 
yahoo.com, and as always, if you've seen anything 
unusual, send your reports to sjomeara31@gmail.com. 
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The Crew Dragon capsule 
Endeavour, carrying the 
four Crew-2 astronauts, 
blasts off atop a SpaceX 
Falcon 9 rocket April 23, 
2021. NASA/AUBREY GEMIGNANI 


OLLOWING IN THE WAKE OF an unprecedented 
year, 2021 was certainly filled with ups and downs. 
The global COVID-19 pandemic continued to 
challenge the way we do science, even prompting some 
positive changes that may be here to stay. Astronomers 
lost a beloved workhorse observatory, but rescued another from 
the clutches of a computer glitch. The three robotic missions that 
launched to Mars in 2020 arrived at their destination, kicking off a 
flurry of exciting firsts. And now, space agencies have chosen another 
three missions to visit a different neighbor: Venus. 

Commercial spaceflight companies SpaceX, Virgin Galactic, and Blue 
Origin continued to turn heads, while China’s space program really 
picked up. And astronomers have finally laid eyes on several phenomena 
either long theorized or rarely glimpsed before, deepening our 
understanding of the universe around us. 

In all, 2021 brought us new viewpoints and new goals that will pepper 
these pages for years to come. 
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OSIRIS- 
REx 
heads 
home 


NASA’S Origins, Spectral Interpretation, 
Resource Identification, Security-Regolith 
Explorer (OSIRIS-REx) mission is finally 
on its way home. On May 10, the space- 
craft fired its engines, breaking from orbit 
around the near-Earth asteroid Bennu 

— its home since arriving Dec. 31, 2018. 
Locked inside the spacecraft’s Sample 
Return Capsule (SRC) is the mission’s sam- 
ple collector head, which on Oct. 20, 2020, 
gathered an estimated 14.1 ounces 

(400 grams) of material from the asteroid’s 


SPACE STORIES 


OF 


surface during a six-second-long touch- 
and-go sample collection procedure. 

In fact, the sample head snagged such 
a large haul that subsequent photos from 
the spacecraft showed some of the col- 
lected regolith had wedged open a flap 
meant to seal it inside. The photos 
prompted mission controllers to stow 
the head inside the spacecraft in late 
October, to prevent too many sample 
particles from floating away, rather than 
waiting until early November as origi- 
nally planned. 

Now, its package safely stored, 
OSIRIS-REx is headed for Earth and will 
fly past our planet on Sept. 24, 2023. 
That’s when it will release the SRC to 
parachute to the ground while the space- 
craft continues onward, ultimately to 


Over the past year, researchers mourned 


the loss of Arecibo and applauded the ‘ 
first helicopter flight on Mars. Plus, 
commercial spaceflight really took off. 
BY ALISON KLESMAN 


orbit the Sun between Venus and 
Mercury. If approved, a suggested mis- 
sion extension could later send the craft 
on to visit 99942 Apophis in 2029. 

The mission follows in the footsteps of 
the Japan Aerospace Exploration Agency’s 
Hayabusa2, which in February 2019 col- 
lected samples of another near-Earth 
asteroid, Ryugu, returning them to Earth 
Dec. 6, 2020. Like OSIRIS-REx, 
Hayabusa2 performed a flyby of our 
planet. It is now headed to visit two more 
near-Earth asteroids: (98943) 2001 CC,, 


and 1998 KY... NASA received and is 
currently studying a portion of Ryugu’s 
soil in exchange for sharing a sample 
from Bennu. 


The OSIRIS-REx spacecraft is now on its way 
home, its sample of the asteroid Bennu safely 
stowed. This snapshot, taken by the spacecraft 
Oct. 22, 2020, shows the collection head literally 
overflowing with fragments of the asteroid’s surface 
— some of which had wedged open the mylar flap 
meant to contain them. nasa 


Scientists 
take a peek 
behind a 
black hole 


EINSTEIN’S THEORY OF general 
relativity has been confirmed several 
times in recent years. And last year, it 
was reinforced yet again, with the first 
observation of X-rays coming from 
behind a black hole, bent in our direc- 
tion as the black hole’s gravity warps the 
shape of space-time around it. 

Although light cannot escape from 
inside a black hole’s event horizon, we 
can see signals emitted from outside this 
boundary, where a superheated, fast- 
moving accretion disk of material swirls 
inward. This is the region astronomers 
were looking at within the heart of 
galaxy I Zwicky 1, located 800 million 
light-years away, using two X-ray space 
telescopes: NASA’s NuStar and the 
European Space Agency’s XMM-Newton. 
There, they were watching the super- 
massive black hole for bright flares of 
X-ray light from its corona — a spherical 
region of energetic particles around the 
black hole. 

But a short time after each flare, the 
telescopes recorded a fainter X-ray flash 
at a different wavelength. These flashes, 
the team determined, were the echoes of 
each flare reflecting off the portion of the 
accretion disk blocked from us by the 


The cosmic 
web shows 
off its glow 


THE COSMIC WEB is a vast net- 
work of filaments of dark matter and 
normal matter (stars and gas) strung 


through the universe like a spiderweb. 
Galaxies lie along these filaments, with 
larger groups and clusters of galaxies 
congregating where filaments cross and 
intersect. 


Although it is all around us, this 
cosmic web is notoriously difficult to 
observe. Astronomers can only see it 
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black hole’s shadow. The change in wave- 
length of the light indicated the reflec- 
tions had been twisted and stretched 

by gravity, until they'd arced around 

the black hole and back toward Earth. 

It is the first time such behavior, long 
predicted by general relativity, has been 
directly observed. “We think that any- 
time we’ve seen these reflections coming 
from the accretion disk, there should be 
some part of that signal that is coming 
from behind the black hole, but it’s not 
been possible to separate it out,” says 
Dan Wilkins of Stanford University, lead 
author of a paper published July 28 in 
Nature describing the observations. 


“Now we've been able to actually tease 
out that signal.” 

Seeing that signal gives astronomers 
one more peek into how black holes truly 
work. Most of these extreme objects can- 
not be imaged directly, so the trick is 
working out ways to see them without 
actually seeing them. And that’s where 
this new find fits in: X-ray flares provide 
key information about the region imme- 
diately around the black hole, Wilkins 
says. “What we're hoping is that we'll be 
able to take what we've learned and use 
this to actually be able to reconstruct an 
image of other black holes right across 
the universe.” 


A black hole sits in the middle of a swirling maelstrom of hot gas (red) in this artist's concept. In 2021, 
researchers captured X-ray light, shown in white, reflected off gas on the farside of a black hole. The black 
hole’s extreme gravity had warped space-time around it, bending the X-rays around itself and into our line 


of sight. pan witkins 


when hydrogen gas, either inside or 
outside galaxies strung along these fila- 
ments, glows. But this hydrogen needs 
something to light it up: either a galaxy’s 
stars from within, or a bright light source 
such as a quasar or galaxy cluster shining 
on it from the outside. Researchers have 
seen the latter — but these are rare, 
specific cases, and seeing only unique 
circumstances limits our understanding 
of the universe as a whole. 

This sparse picture is now beginning 
to change. A paper published March 18 in 
Astronomy & Astrophysics highlights a 
new image of the cosmic web. Taken by 
staring at a single region of the sky for 
140 hours over a period of eight months, 


the groundbreaking shot was captured 
with the Multi Unit Spectroscopic 
Explorer (MUSE) on the European 
Southern Observatory’s Very Large 
Telescope in Chile. After a full year of 
data processing, the resulting image 
reveals light from hydrogen strung along 
filaments of the cosmic web as they 
appeared 10 billion to 12 billion years ago. 
In all, the image shows five filaments 
at different distances, says study co- 
author Thibault Garel at the University 
of Geneva. These filaments are glowing 
because, embedded within each struc- 
ture, he says, are thousands of small, 
faint galaxies. These galaxies are too 
small to spot individually, but together, 


The Hubble Space 
Telescope hiccups 


(* 
EVEN AFTER NEARLY 32 years, the jue i 


Hubble Space Telescope (HST) remains one of astronomy’s 
workhorses. But with hard work comes wear and tear. And 
with the space shuttle retired, there is no way to physically 
repair the aging space telescope. Instead, NASA relies on 
remotely diagnosing issues and developing workarounds based 
on the equipment currently installed on the orbiting observa- 
tory, much of which is original hardware built in the 1980s. 

Around 4 P.M. EDT on June 13, Hubble’s payload computer, 
which manages the onboard suite of instruments, stopped 
working. In response, the telescope’s main computer placed 
the science instruments into safe mode, halting observations. 
A June 14 reboot of the payload computer failed to solve the 
issue, leading to nearly a month of careful testing to determine 
and resolve the problem that had crippled the observatory. 

On June 23 and 24, in an attempt to bypass what engineers 
believed was a problem due to aging hardware, controllers 
turned on HST’s backup payload computer, which had never 
been activated in space. But this failed to solve the issue. So, 
the team moved on to different solutions, including switching 
to the telescope’s backup Science Instrument and Command & 
Data Handling (SI C&DH) unit, a process that required metic- 
ulous programming from the ground to turn on several more 
system backups that had also never before been used in space. 

A team of more than 50 people — including HST alumni 
who had moved on to other projects or retired — worked for 
two weeks to outline, simulate, and approve this switchover 
procedure. At the same time, engineers finally determined the 
real culprit: Hubble’s Power Control Unit (PCU), which regu- 
lates energy throughout the telescope, including to the payload 
computer. Fortunately, HST’s backup SI C&DH unit also 


(A) The aging Hubble's 
capabilities will not be replaced, 
but rather complemented, by 
newer space telescopes, 
reinforcing its value. nasa 


houses a backup PCU. The team initiated the switchover on 
July 15, successfully completing the procedure by 11:30 P.M. 
EDT that night. 

Two days later, NASA announced Hubble had returned to 
operational status following the successful switch to backup 
hardware. On July 19, the agency released the first images 
taken since the shutdown, proving the telescope was back up 
and running at full capacity. 

But the telescope’s instruments again briefly entered safe 
mode Oct. 25, following two days of error messages indicating 
issues with HST’s ability to correctly time commands and 
responses. By Nov. 7, engineers had restored the Advanced 
Camera for Surveys, while the remaining instruments were 
kept in safe mode until the error’s origin had been uncovered. 

Despite these bumps, HST’s unparalleled capabilities mean 
mission teams will continue to maintain the prestigious 
observatory as long as its components — and funding — last. 


We set our 
sights on 
Venus 


VENUS IS ALREADY the hottest 
destination in the solar system — liter- 
ally, with surface temperatures up to 

890 degrees Fahrenheit (470 degrees 
Celsius). But now it’s also figuratively the 
hottest destination: In 2021, NASA and 
the European Space Agency (ESA) select- 
ed three new missions aimed at Earth’s 
sister planet. 

On June 2, NASA announced it would 
send two spacecraft to Venus by 2030: 
VERITAS, short for Venus Emissivity, 
Radio Science, InSAR, Topography & 
Spectroscopy; and DAVINCTI, short for 
Deep Atmosphere Venus Investigation of 
Noble gases, Chemistry, and Imaging. 
Eight days later, ESA announced its 
EnVision mission will launch for Venus 
in the early 2030s. 

The DAVINCI orbiter will combine 
flybys of the planet with an orbiter that 
will drop the first probe sent into the 


venusian atmosphere by the U.S. since 
1978. This spherical probe will sample 
the chemistry of the planet’s thick, for- 
bidding atmosphere hundreds of times as 
it passes through each layer during an 
hour-long descent. “Our approach is to 
target that big atmosphere as a wondrous 
chemical laboratory of environments and 
histories that we can read in the record of 
the chemistry,” says DAVINCI principal 
investigator James Garvin of NASA’s 
Goddard Space Flight Center. The probe 
will also snap images as it falls, providing 
the highest-resolution views yet of its 
mountainous landing site, called Alpha 
Regio, from beneath Venus’ thick cloud 
cover. 

Meanwhile, the VERITAS orbiter will 
use radar to pierce Venus’ obscuring 
clouds and map the entire surface in 3D 
— the first comprehensive look at that 
surface since NASA’s Magellan mission 
ended in 1994. Near-infrared sensors will 
allow researchers to determine important 
planetary properties, such as surface 
composition, gravitational field strength, 
and interior structure. VERITAS will 


a 
TO IMPACT SCIENCE 


THE CORONAVIRUS CONTINUES 


The COVID-19 pandemic continued to shape science in 2021, as measures 
quickly put in place in 2020 to maintain safe social interactions remained. 
Major academic meetings stayed virtual, as did most NASA proceedings, 
including mission proposal presentations. Many astronomy clubs continued to 
offer online events and talks, often allowing them to reach larger audiences 
and bring in faraway speakers with no need for travel. Citizen science plat- 
forms such as Zooniverse, SciStarter, and the Unistellar Network continued to 
see high levels of participation as teachers, students, and other enthusiasts 
searched for or shared ways to engage with astronomy remotely. 

Scientific research marched onward: Observatories that closed in 2020 had 
largely reopened, generally with reduced staff and queue observing. But while 
the pandemic clearly spurred innovation and new ways to connect, it also 
took its toll on some of the best-laid plans. The Vera C. Rubin Observatory, 
slated to see engineering first light in 2021, pushed this milestone back a year. 
It is now expecting its camera to see engineering first light in October 2022 
and start science operations no earlier than a year later. 

Several space missions remained delayed, including the Indian Space 
Research Organisation's Chandrayaan-3 Moon mission, now expected to launch 
in 2022. The continuing need for liquid oxygen to support COVID-19 patients dis- 
rupted supply chains and caused NASA to push back the Sept. 16 launch of its 
Landsat 9 satellite by a week. According to a briefing, the launch required liquid 
nitrogen — but necessary deliveries of liquid oxygen to hospitals meant no 
trucks were available to carry liquid nitrogen to the launch site. And a NASA 
report stated the pandemic had caused several mission launch dates to slip 
between one and 10 months, estimating that delays and other challenges related 
to the pandemic could ultimately cost the agency some $3 billion USD. —A.K. 


Venus is like Earth in size, mass, and 
composition — but cloaked in a thick atmosphere of 
carbon dioxide, with an utterly inhospitable surface. 
Three new missions to our sister planet aim to reveal 
its mysteries and finally tell its story. nasajet-cattecH 


also look for signs of recent volcanic 
activity and other geologic processes. Its 
goal is to uncover clues about Venus’ geo- 
logical past and present, revealing how 
the planet became the forbidding land- 
scape it is today. 

Finally, the EnVision orbiter is an 
ESA-led collaboration with NASA to 
globally study Venus in exquisite detail. 
Its suite of instruments includes spec- 
trometers to measure atmospheric com- 
position, a sounder to probe the planet’s 
interior, radar to map the surface in high 


resolution, and a radio tracker to study 
a broad range of characteristics, from 
the planet’s gravity field and interior to 
the structure of its atmosphere. 

Because Venus is so similar to our 
home planet in size, mass, and composi- 
tion, there is much it can tell us about 
how nearly identical planets can evolve 
so differently, even in the same system. 
Furthermore, Garvin says, the lessons 
we learn there can be applied to Venus- 
like extrasolar planets, which current 
and upcoming exoplanet surveys are 
expected to find in spades. 

But despite its proximity to Earth, 
Venus is vastly understudied compared 
to our other planetary neighbor, Mars. 
The Magellan data are now decades old, 
which means that in terms of under- 
standing Venus, “where we are today is 
this huge opportunity staring at us — a 
lost frontier that we can now redis- 
cover,” says Garvin. These three new 
missions will perfectly complement one 
another, together painting the clearest 
picture we’ve ever had of the mysterious 
planet next door. 


Yellowballs, such as those 
in the center of this false- 


lor Spitzer space 
scope image, were 
covered by citizen 


scientists participating 

in a Zooniverse project. 
These structures represent 
an important intermediate 
step in star formation, but 
were previously missed by 
other surveys. nasa/PL-caLTEcH 


Citizen scientists aid 
major discoveries 


CITIZEN SCIENCE ALLOWS anyone — of any age 


and from anywhere on the planet — to participate in mean- 

ingful scientific discovery. Platforms such as Zooniverse have encouraged 
researchers in astronomy and other fields to invite the public to take part in 
a wide array of accessible, engaging projects. 

In 2021, Zooniverse projects were seeing roughly two to three times their 
pre-pandemic participation rates, says Laura Trouille, vice president of citizen 
science at Chicago’s Adler Planetarium. During a single week in August, 
roughly 100,000 people contributed millions of classifications across 
Zooniverse’s 89 active projects, which Trouille says is “the equivalent of 20 
years of full-time research in just one week. That’s the power of the crowd; 
each person doing a little bit, leading to a huge impact!” 

By early September, data from Zooniverse projects had been included in 
over two dozen peer-reviewed papers, including 13 in astronomical journals. 


® On Jan. 21, the 
SuperWASP Variable 
Stars project published 
its first results on 
variable stars in 
Monthly Notices of the 
Royal Astronomical 
Society. Their findings 
were drawn from 

more than 1 million 
classifications from 
citizen scientists and 
included 301 previously 
unknown variable stars 
and binary systems. 


@ A Feb. 23 paper 

in The Astrophysical 
Journal Supplement 
Series included work 
from Zooniverse’s 
Backyard Worlds: 
Planet 9 project to 
create the most detailed 
map to date of brown 
dwarfs — failed stars 
too small to fuse 
hydrogen in their cores 
— within 65 light-years 
of Earth. 


© A second paper 
from Backyard Worlds, 
published July 15 in the 
Astrophysical Journal, 


highlights three 
volunteer-discovered 
brown dwarfs of 

a rare type called 
extreme T-subdwarfs 
— extremely old, 

cold brown dwarfs. 
Astronomers previously 
only knew of two other 
extreme T-subdwarfs 
— also discovered 

by Backyard Worlds 
volunteers. 


@ An April 13 
Astrophysical Journal 
study found that most 
yellowballs — small, 
round regions of dust 
around clusters of newly 
formed stars — house 
stars so young they are 
still pulling in gas from 
their surroundings. 
Yellowballs were 
initially discovered 

by participants in 
Zooniverse’s Milky Way 
Project, and so named 
because their light takes 
on a yellow hue in the 
false-color scheme of 
infrared images. They 
are often missed in 
other surveys searching 


for more massive young 
or actively forming 
stars. 


© An April 8 paper 

in the Astronomical 
Journal confirmed 
volunteers’ findings of 
a sixth planet around 
the star K2-138. 

The systems five 
other planets were 
also discovered by 
participants in the same 
Zooniverse project, 
Exoplanet Explorers. 


@ A May 12 paper in 
Monthly Notices of the 
Royal Astronomical 
Society announced 

the discovery of two 
planets the size of 
Neptune and Saturn 
circling the Sun-like 
star HD 152843. Sixteen 
volunteers whose work 
in the Planet Hunters 
TESS (the acronym 
for NASA's Transiting 
Exoplanet Survey 
Satellite) project led 
most directly to the 
discovery were listed 
as co-authors. 
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CONNECTIONS TO THE PAST 


The discovery of a new type of supernova may also solve a 
centuries-old mystery. Researchers have long believed the 
supernova of a.p. 1054, which produced the famous Crab 
Nebula (M1), was an electron-capture supernova. Despite 
the fact that it popped off long before astronomers had 
instruments such as telescopes and spectrometers to chart 
the skies, this blast was previously the best-fitting example 
of such an event. From the neutron star it left behind to the 
way ancient astronomers recorded its light changing after 
the initial blast to modern observations of how the nebula 
has slowly expanded over time, the Crab meets several crite- 
ria for this particular flavor of supernova. Now, SN 2018zd 
provides firm evidence linking M1 to an electron-capture 
supernova — and that gives researchers a current picture 
of how these 
events evolve 
in the centuries 
after they 
explode. —A.K. 


Based on 
ancient records 
and current 
observations, 
astronomers 
think the famous 
Crab Nebula 
(M1) in Taurus 
was likely an 
electron-capture 
supernova. eso 


-Astronomers spot 
a new type of 
supernova 


ASTRONOMERS HAVE LONG KNOWN that stars 


’ more massive than about eight Suns die in powerful blasts, 


known as type II or core-collapse supernovae. But in 1980, a 
paper in Publications of the Astronomical Society of Japan sug- 
gested that stars in a specific mass range — eight to 10 times 
the mass of the Sun — would die in a unique explosion called 
an electron-capture supernova. Prior to such a star’s death, its 
core is supported by electron degeneracy pressure, generated 
in dense environments where physics prevents free electrons 
from getting too close. But as magnesium and neon atoms in 
the core absorb (i-e., capture) these free-floating electrons, the 
pressure drops and the star’s inner regions collapse into a neu- 
tron star as the outer regions rebound as a supernova. 

While some supernovae have exhibited hints they could 
be an electron-capture supernova, none exactly matched the 
theory. Until March 2018, that is, when Japanese amateur 
astronomer Koichi Itagaki spotted a supernova in the galaxy 
NGC 2146, which lies about 31 million light-years away. 
Researchers raced to image the explosion, called SN 2018zd, 
with the Hubble Space Telescope. Comparing their data with 
previous Hubble images of the galaxy, they identified the pro- 
genitor star. And after fully analyzing the star and its explosion, 
the team published a paper June 28 in Nature Astronomy 


_ announcing it neatly fits all six expected criteria for an electron- 


capture supernova. 

“We started by asking, ‘What’s this weirdo?’ Then we 
examined every aspect of SN 2018zd and realized that all of 
them can be explained in the electron-capture scenario,” said 
the study’s lead author, Daichi Hiramatsu at the University of 
California, Santa Barbara, and Las Cumbres Observatory, in a 
press release. “It was such a ‘eureka moment’ for all of us that 
we can contribute to closing the 40-year-old theoretical loop.” 

The progenitor was the specific mass and type of red giant 
theorized to produce an electron-capture supernova, and the 
density and composition of its stellar winds prior to its demise 
also matched expectations. The explosion itself — its light 
lingering as the shock wave hit material the star had sloughed 
off before its death — behaved exactly as astronomers modeled 
for this type of stellar blast. Finally, the particular chemical 
fingerprints of the debris matched calculations of what an 
electron-capture supernova leaves behind. 

Now, researchers can slot this information into the bigger 
picture of how stars live and die. The masses of stars that cre- 
ate electron-capture supernovae fit neatly between stars that 
leave behind a white dwarf, like the Sun, and those that 
explode in a core-collapse supernova. “One of the main ques- 
tions in astronomy is to compare how stars evolve and how 
they die,” said study co-author Stefano Valenti at the 
University of California, Davis. “There are many links still 
missing, so this is very exciting.” 


The recent supernova SN 2018zd, which occurred in the galaxy NGC 2146 (seen 
at upper left), fits all six criteria for a long-theorized but never-confirmed type of 
stellar explosion called an electron-capture supernova. sosePH DEPASQUALE, STSCI 


A) Passengers aboard Virgin Galactic’s VSS Unity, including Richard Branson (foreground), float in space 
during their short suborbital trip July 11. virain eacactic 


The commercial spaceflight 


scene heats up 


ON MAY 30, 2020, 

two astronauts launched 
to the International Space Station (ISS) 
aboard SpaceX’s Crew Dragon capsule. 
Since then, crewed trips via SpaceX’s craft 
have become routine. In 2020 and 2021, 
the company sent three crews and a total 
of 12 more astronauts to the ISS, suc- 
cessfully reusing a Falcon 9 rocket and 
Crew Dragon capsule to do so. Crew 
Dragon has now firmly reestablished 
NASA's ability to put people in orbit 
without relying on its Russian partners. 

And NASA seems keen to expand its 
relationship with SpaceX. On April 16, 
the agency announced its selection of 
SpaceX’s Human Landing System 
(HLS) Starship to return humans to the 
Moon via the Artemis program. NASA 
had been widely expected to award con- 
tracts to two companies to nurture the 
growing industry and foster competi- 
tion. Instead, SpaceX received the sole 
contract, worth $2.89 billion, beating 
out its two competitors, Dynetics and 
Blue Origin, who had also been work- 
ing with NASA to develop crewed lunar 
landing craft. 

Some didn’t agree with the choice: 
On Aug. 13, Blue Origin filed a lawsuit 
in the Court of Federal Claims, suing 
NASA over its evaluation and choice to 
award a single company the entire con- 
tract. On Aug. 19, NASA paused develop- 
ment of SpaceX’s lander to allow for 
litigation. The suit came after Blue 
Origins and Dynetics had filed a formal 
complaint with the U.S. Government 


Accountability Office (GAO), with the 
GAO on July 30 releasing a statement that 
“NASA did not violate procurement law 
or regulation” in awarding a single con- 
tract to SpaceX, and the agency’s assess- 
ment of all three companies’ proposals 
was fair. And on Nov. 4, the court ruled 


53 miles (86 kilometers), crossing the 
threshold previously required to reach 
space and earn commercial astronaut 
wings from the U.S. Federal Aviation 
Administration (FAA). However, that 
same day, the FAA changed its require- 
ments to receive commercial astronaut 
wings. The new guidelines added a 
requirement that crewmembers perform 
“activities during flight that were essential 
to public safety, or contributed to human 
space flight safety.” 

Less than two weeks later, on July 20, 
Blue Origin’s New Shepard rocket blasted 
off with four passengers, including com- 
pany founder and former Amazon CEO 
Jeff Bezos and Mercury 13 member 
Wally Funk. They reached an altitude of 
66 miles (107 km) — above the 62-mile- 
high (100 km) Karman line, internation- 
ally recognized as the boundary of space. 

Then, late on Sept. 15 Eastern time, the 
Inspiration4 mission launched four civil- 
ians into orbit aboard a SpaceX Crew 
Dragon capsule. The crew spent three 
days in space before splashing down in the 


CHINA'S SPACE PROGRAM 


Commercial companies 
weren't the only ones reach- 
ing for the skies. The China 
National Space Administration 
(CNSA) also took several 
major steps forward in terms 
of human spaceflight last year. 

On April 29 Beijing time, 
CNSA launched the initial 
component of its first perma- 
nent space station, Tiangong. 
The core capsule, called 
Tianhe (meaning “harmony of 
heavens’), will serve as a res- 
idence and control center for 
orbiting astronauts, as well as 
a scientific laboratory. 

But the story didn’t end 
there. The Long March 5B 
rocket that lofted the station's 
capsule into space fell back 
to Earth May 9 (also Beijing 


time) in an uncontrolled re- 
entry, tumbling into the 
Indian Ocean. Despite the 
rocket’s harmless demise, the 
event drew criticism over 
CNSA's lack of foreknowledge 
coupled with the inability to 
plan where the debris would 
fall. The single previous flight 
of a Long March 5B rocket 
ended with debris reportedly 
impacting villages in the Ivory 
Coast in 2020. 

Also on April 29, CNSA and 
Roscosmos released a joint 
statement “acknowledging 
mutual interest in the con- 
struction of the International 
Lunar Research Station (ILRS) 
for the peaceful exploration 
and use of the Moon." A doc- 
ument released June 16 gives 


an initial timeline for con- 
struction of the station 
between 2026 and 2035, 
with crewed landings begin- 
ning in 2036. 

On June 17, CNSA's 
Shenzhou 12 mission 
launched, carrying three 
astronauts to the Tianhe 
module in China's seventh 
crewed spaceflight. During 
their stay, the crew com- 
pleted the country's second- 
ever spacewalk. 

China is expected to main- 
tain its momentum through 
2022 as well. Two additional 
space station modules will 
complete the Tiangong sta- 
tion this year, while crewed 
Shenzhou launches are also 
planned to continue. —A.K. 


against Blue Origin and NASA 
announced it would resume work with 
SpaceX on the HLS Starship. 

Meanwhile, the commercial space race 
continued to heat up in other ways. On 
July 11, Virgin Galactic’s VSS Unity car- 
ried the company’s founder, Richard 
Branson, and five others to an altitude of 


Atlantic Ocean. Although operated by 
SpaceX, the mission was funded by Jared 
Isaacman, CEO of Shift4 Payments. 

All three trips are milestones on the 
path to a bona fide space tourism indus- 
try. With so much progress last year and 
more on the horizon, commercial space- 
flight will surely remain an area to watch. 
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Arecibo 
Observatory 
collapses 


ON NOVEMBER 19, 2020, the 
U.S. National Science Foundation (NSF) 
announced it would decommission the 
famed Arecibo Observatory in Puerto Rico. 
The statement came following a three-month 
period that saw the failure of first an auxil- 
iary cable, then a main support cable, both 
connecting the telescope’s 900-ton receiv- 
ing platform to one of three support towers. 
Engineers had determined repairs could not 
be made without risking further damage to 
the telescope or, more importantly, the safety 
of construction workers and facility staff. 
NSF planned to execute a controlled 
demolition. But the observatory had other 
ideas. Around 8 A.M. local time Dec. 1, 
the receiving platform fell nearly 500 feet 
(152 meters) into the 1,000-foot-wide (305 m) 
dish below, destroying both with a crash. 
“The loss of Arecibo was shocking — 
there were several virtual online vigils held 
in mourning by those who worked with the 
telescope, and for the broader radio astron- 
omy community,” says Yvette Cendes, a post- 
doctoral researcher and radio astronomer at 
the Harvard-Smithsonian Center for 
Astrophysics in Cambridge, Massachusetts. 
For 57 years, Arecibo’s huge white dish 
was an icon amid the lush green jungle. 
More than that, its scientific legacy stood 
unmatched. The observatory had several 


historic notches in its belt, from spotting 
the first binary pulsar system in 1974 to 
identifying the first extrasolar planets in 
1992. And although Arecibo had in 
recent years been surpassed in size by 
the Five-hundred-meter Aperture 
Spherical radio Telescope (FAST) in 
China, the newer facility is not a direct 
replacement. FAST currently lacks 
Arecibo’s planetary radar capability, 
which is needed to characterize the size 
and spin of near-Earth asteroids. 

Arecibo was also a vital link in the 
North American Nanohertz Observatory 
for Gravitational Waves, or NANOGrav. 
This network of observatories is search- 
ing for gravitational waves by studying 
how passing ripples in space-time affect 
the signals Earth receives from pulsars. 
Although NANOGrav’s ability to detect 
gravitational waves in the future will 
certainly diminish without Arecibo’s 
contributions, researchers do still have 
a wealth of past observations with the 
facility they can refer back to, according 
to the collaboration’s website. 

Naturally, researchers are looking 
to what comes next. On April 1, the 
National Astronomical Observatories of 
the Chinese Academy of Sciences opened 
FAST to the international community, 
accepting proposals from researchers 
around the world. Around the same time, 
“there was a call for white papers on ideas 
on how to replace Arecibo, and what to 
do with the site in general,” Cendes says. 


(YW) On Dec. 1, 2020, the receiving platform suspended above Arecibo Observatory’s vast dish suddenly 
tumbled down, destroying the historic telescope less than a month after the National Science Foundation 
announced it would be decommissioned. micHeLLe NEGRON, NATIONAL SCIENCE FOUNDATION 


Mars gets 
busy 


LAST YEAR, 
OUR TOP-RANKED 
science story was Mars — 
specifically, the launch of three 
new robotic missions bound 
for the Red Planet. This year, 
Mars tops the list yet again 
because now, those launches 
have come to fruition. 

First on the scene was the 
United Arab Emirates’ 
al-Amal (Hope) orbiter, the 
country’s first interplanetary 
mission. Hope slipped into 
Mars orbit Feb. 9, making the 
UAE the fifth country to ever 
reach the planet. The orbiter is 
now studying Mars’ thin 
atmosphere, tracking stats 
such as temperature, humid- 
ity, and dust levels throughout 
the next martian year, which 
lasts 687 Earth days. 

The very next day, China’s 
Tianwen-1 mission entered 
orbit around Mars. Three 
months later, early on May 15 
Beijing time, the orbiter 
released a capsule containing 
a lander and rover, Zhurong, 
bound for the surface. A suc- 
cessful soft landing at Utopia 
Planitia in Mars’ northern 
hemisphere made China the 
third country to land a craft 
on the planet and the second 
to deliver a rover. On May 22, 
the solar-powered rover drove 
off its platform to begin its 
planned 90-day search for 
subsurface water and ice, as 
well as signs of life. By the end 
of August, the rover had 
driven more than 3,490 feet 
(1,064 meters), having com- 
pleted all its assigned tasks 
and exceeding its original 
mission parameters. 

NASA’s Perseverance rover 
reached Mars last — although 
it landed before Zhurong — 
arriving and landing Feb. 18. 


On June 6, 2021, 
NASA's HiRISE Mars 
orbiter captured this 
image of China's 
Tianwen-l lander and 
‘ong rover (green 
on the martian 
surface. 
UNIVERSITY OF ARIZONA P 
- . 4 


The car-sized rover touched 
down in Jezero Crater near an 
ancient river delta using the 
same sky crane maneuver as 
Curiosity in 2012. One of the 
highly anticipated mission’s 
first major milestones came two 
months later. Perseverance 
carried Ingenuity: a softball- 
sized, 4-pound (1.8 kilograms) 
four-bladed helicopter designed 
to test the feasibility of such 
craft on the Red Planet, where 
the atmosphere is less than 

1 percent the density of Earth’s. 
Future drones could scout 
ahead to show rovers where the 
most scientifically rewarding 
— or physically challenging 

— terrain lies. 

Although its success is not 
linked to the success of the 
rover mission, the world none- 
theless watched with excite- 
ment as, on April 19, Ingenuity 
became the first craft to 
achieve powered flight on 
another world. After its first 
test — which lasted roughly 
39 seconds and involved hov- 
ering 10 feet (3 m) off the 
ground — Ingenuity’s trips 
grew bolder, longer, and more 
complex. By early November, 
Ingenuity had successfully 
completed 15 flights, achieving 
altitudes up to 39 feet (12 m) 
and a maximum single flight 
distance of 2,051 feet (625 m). 

Perseverance was busy as 


well. On April 20, the rover’s 
Mars Oxygen In-Situ Resource 
Utilization Experiment, or 
MOXIE, successfully con- 
verted carbon dioxide from 
the ambient atmosphere into 
about 0.2 ounce (5 grams) of 
oxygen. This crucial demon- 
stration lays the groundwork 
for scaled-up operations that 
might generate oxygen for 
astronauts to breathe or power 
rockets lifting off the surface. 
On Aug. 6, Perseverance 
drilled for its first rock sample, 


to be stored in a titanium tube 
for later retrieval and return to 
Earth — another mission first. 
As instructed, the rover drilled 
into the target rock and per- 
formed the steps to place the 
sample into the tube. “We 
were all starting to get that 
feeling you can get in this 
business when a big milestone 
comes together,” Mars 2020 
project manager Jennifer 
‘Trosper wrote ina NASA 

blog on Aug. 19. 

But there was a snag: A 
check to measure the sample’s 
volume indicated the tube was 
empty. Further checks that the 
rover had not dropped the 
sample outside the tube turned 
up nothing as well. “The only 
reasonable interpretation is 
that the rock fragmented to 
dust or sand” as the drill spun, 
wrote Kenneth Farley, a mis- 
sion project scientist at 
Caltech, in a subsequent blog. 

“The Sampling and 
Caching System aboard the 
rover performed as expected. 
... However, the rock we chose 


‘y Several Moon-bound missions will launch in 2022, including 

the Japanese Space Agency's first lunar lander, Smart 
Lander for Investigating Moon (SLIM); Roscosmos’ Luna-25 
lander; South Korea's first lunar mission, Korea Pathfinder 
Lunar Orbiter (KPLO); and NASA's Intuitive Machines 1 
(IM-1), Polar Resources Ice Mining Experiment-1 (PRIME-1), 
Peregrine Mission 1, and XL-1 Lander missions. 


The ESA's JUpiter ICy moons Explorer (JUICE) mission, 
which will study Ganymede, Europa, and Callisto, will 
launch for the solar system's largest planet in June 2022. 


‘yy NASA's Psyche mission to the metallic main-belt asteroid 


~ 16 Psyche is scheduled to launch in August 2022. It will carry 
a secondary mission, Janus, comprising two small spacecraft 
that will visit the binary asteroids (175706) 1996 FG, and 
(35107) 1991 VH. 


»» The ESA/NASA Solar Orbiter makes its third flyby of Venus 
on Sept. 3, 2022. Its next close encounter with the Sun — 
the first since beginning its main science operations — 
occurs this year as well, bringing the craft within about 

30 million miles (48 million kilometers) of our star. 


»y The 12-day launch window for ExoMars 2022, which 
combines a Russian lander with an ESA rover, opens 
Sept. 20, 2022. Once launched, the pair will reach Mars 


in early to mid-2023. 
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Ingenuity hovers above the ground 
on April 22, 2021, during its second 
flight. Perseverance used its left 
Mastcam-Z camera to snap the action 
shot. NASA/JPL-CALTECH/ASU/MSSS 


The Perseverance rover took this 


image of its first successfully collected 
martian rock sample inside the sample 
tube (light-colored inner ring) on Sept. 1, 
2021. NASA/JPL-CALTECH/ASU/MSSS 


for this first effort did not,” 
Trosper concluded. The team 
determined the consistency of 
the rock was simply too brittle 
to withstand drilling and 
moved on, targeting more 
promising rocks nearby. And 
on Sept. 2, NASA announced 
Perseverance’s second sample 
collection attempt appeared 
successful. By Sept. 6, the rover 
had confirmed the sample’s 
presence, sealed the container, 
and stored the tube for later 
drop-off with other samples. 
Perseverance will continue 
exploring its landing site for 
several hundred days, traveling 
up to 3 miles (6 km) and cach- 
ing up to eight samples. It will 
then set off for the river delta to 
search for signs of ancient life. 


Alison Klesman is senior 
associate editor of Astronomy 
and is ready to see what 2022 
brings. 
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NEP TU 


This ice giant hid from 
humanity's view for 
millennia. But eventually, 
its sibling planet gave it 
away. BY WILLIAM SHEEHAN 
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Voyager 2 captured this 
stunning shot of Neptune 
with its narrow angle 
camera on Aug. 31, 1989. 


NEPTUNE: NASA/JPL-CALTECH/KEVIN M. 
GILL. SUN ILLUSTRATION: TATYANA 
ANTUSENOK/DREAMSTIME 


he story of how observers discov- 
ered Uranus and Neptune is among 
the most celebrated in the annals 
of astronomy. As the first modern 
additions to the solar system, join- 
ing the classical planets known to 
the ancients, the ice giants forever 
changed our conception of the 
universe. And the discovery of Neptune was an inspir- 
ing testament to the scientific method: A mysterious 
discrepancy between observation and theory led to 
a prediction that was validated in dramatic, cosmos- 
shattering fashion. 

At least, that’s how the story usually goes. But finding 
Neptune was less straightforward than the story sug- 
gests. It’s a tale filled with fascinating characters, missed 
opportunities, and even international intrigue. And in 
the end, the entire discovery hinged on a crucial bit of 
luck that went unnoticed for nearly 150 years. 


\ discovery re-discovered 
It’s easy to forget that for most of the 18th century, the 
solar system was a remarkably simple and straightfor- 
ward place (which certainly made orrery-makers’ jobs 
easier). There was the Sun, the seven planets including 
Earth, our Moon, the four moons of Jupiter, the five 
moons of Saturn, and a few periodic comets. The zone 
between Mars and Jupiter, soon to fill in with asteroids, 
was still empty. The entire outer solar system beyond 
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A vision of the changing solar system as understood at the end of the 
18th century, this illustration was created soon after the discovery of 
Uranus, whose orbit and moons are in the outermost circle just 
outside the words “The Solar System Displayed.” usrary oF conaress 
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ABOVE: As Voyager 
2 departed Neptune 
to continue its 
adventure through 
the outer solar 
system, it turned 
back to snap this 
shot of the ice 
giant's south pole. 
NASA/JPL-CALTECH 


CLOCKWISE FROM 
BOTTOM LEFT: 
This stack of some 
600 pages includes 
bibliographical 
notes by Urbain 
Jean Joseph Le 
Verrier on comets, 
celestial mechanics, 
the Sun and 

Moon, nebulae, 
instruments, and 
the history of 
astronomy. He took 
these notes before 
1836, which is 
around when he 
started at Ecole 
Polytechnique. 

GUY BERTRAND/PARIS 
OBSERVATORY 


French astronomer 
Urbain Jean Joseph 
Le Verrier, shown 
here in a lithograph 
portrait, played 

a pivotal role in 
uncovering Uranus’ 
unknown perturber: 
Neptune. smitHsonian 
LIBRARIES 


English astronomer 
John Couch Adams, 
who likewise 
played a vital role 
in predicting the 
location of the solar 
system's eighth 
planet, is seen here 
at a desk in his 
home in the 1870s. 
WIKIMEDIA COMMONS 


Saturn and below the sphere of the fixed stars was 
devoid of features, as it had been since Aristotle’s 
time. And all the solar system’s bodies moved tidily 
and predictably according to Newton’s law of gravity. 

But this ancient, elegant picture was shattered by 
William Herschel’s serendipitous discovery of 
Uranus in March 1781. And that was just the begin- 
ning when it came to shaking up the solar system: 
The new planet’s orbit obstinately refused to follow 
the path mathematicians insisted it should, pointing 
to another hidden planet lurking beyond. 

In 1821, a now largely forgotten French astrono- 
mer named Alexis Bouvard published tables of 
Uranus’ motion, over which he had toiled for many 
years. Bouvard was a shepherd boy who rose, 
improbably, to become director of the Paris 
Observatory. He was attempting to combine 
pre-discovery observations of Uranus from star 
catalogs (the earliest was from 1690) with the 
presumably far more accurate observations 
made since Herschel uncovered the world. 

But he couldn't do it. He discarded the 
older observations, and for a moment, 

Uranus’ observed motion seemed to be rec- 

onciled with theory. However, soon it was off 

course again. Before 1821, Uranus appeared 

to be moving faster than it should have been, 

based on the known bodies near it. But within 

a few years, it appeared to be moving too 

slowly. Bouvard himself suspected an 
unknown planet might be the cause, 
yet he did nothing to follow up. 


Seeking the answer 
Over the years, the nagging difficulty 
of explaining the future path of 
Uranus only got worse. Eventually, 
two mathematical astronomers 
began to investigate. 
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One was John Couch Adams, a native of 
Cornwall. Adams took nearly all the prizes in math- 
ematics as an undergraduate at St. John’s College, 
Cambridge, and was awarded a fellowship. The other 
was Urbain Jean Joseph Le Verrier of France, a répé- 
titeur (private tutor or assistant teacher) at the Ecole 
Polytechnique who devoted most of his time to 
researching celestial mechanics. 

Adams got interested in the Uranus problem on 
his own, sketching his first plan to investigate as an 
undergraduate in 1841. Le Verrier, having already 
published important work on the stability of the 
solar system, was instead drafted onto the job during 
the summer of 1845 by the then-director of the Paris 
Observatory, Frangois Arago. Arago had become 
frustrated by the lack of progress being made on 
the theory of Uranus by Eugéne Bouvard, Alexis’ 
nephew, who had been assigned the investigation 
after Alexis retired. 

Few people are familiar with the intricacies of 
classical celestial mechanics anymore. And hardly 
anyone undertakes the incredibly long calculations 
with pencil and paper that were once required. 
Moreover, the prolonged concentration needed for 
such calculations feels quaint in an age of constant 
internet and media buzz. As a result, it is a bit diffi- 
cult today to imagine just how challenging was the 
problem Adams and Le Verrier set for themselves. 

It had, of course, always been mathematical 
astronomers’ jobs to make predictions. They 
used Kepler’s laws to predict planets’ future posi- 

tions given elements of their 
elliptical orbits, and applied 
Newton’s theory of grav- 
itation to Keplerian 
elliptical motion to 


account for perturbations due to other planets. All 
of this was very complicated and tedious, but fairly 
straightforward, provided that one had accurate 
orbital elements and that the desired prediction 
wasn't too far into the future. (Even with a super- 
computer, the long-term effects of three-body inter- 
actions soon get very ugly.) 

In searching for the distant planet, however, 
Adams and Le Verrier had to reverse-engineer the 
operations. Instead of starting with Uranus’ orbital 
elements and computing the motions of the 
unknown perturber, they had to start with Uranus’ 
motions and try to firmly pin down the orbital ele- 
ments that explained them. “Doing multi-parameter 
minimization, which is what they were trying to do, 
is no easy task, especially if you don’t have a com- 
puter,” says Greg Laughlin, an astronomer at Yale 
University and an expert in numerical simulations. 

Luckily, Adams and Le Verrier were up to the 
task, albeit in their own eccentric ways. Adams 
was extraordinarily conscientious in both his studies 
and tutorial responsibilities, permitting himself to 
indulge his Uranus hobby only during vacations. He 
was also capable of carrying out long and tedious 
calculations in his head without 
missing a beat, as was Le Verrier. 

Using data on the observed eg 
motion of Uranus obtained from 
the Royal Observatory in 
Greenwich, Adams attempted to 
use the unknown planet hypoth- 
esis to reconcile observation with 
theory. In the end, Adams carried 
out six calculations using different 
hypotheses. His first two calcula- 
tions used the simplifying 
assumption of a circular orbit. 
And all but the last relied on the 
semi-empirical Bode’s law — which predicted that 
each planet (moving outward) should be about twice 
as far from the Sun as the last — to determine the 
supposed world’s mean distance. 

He finished his most accurate calculations in 
September 1845 and made slight corrections the fol- 
lowing month. These gave theoretical positions for 
the presumed planet. As it would turn out, they were 
only off by a quite searchable 2° on either side of 
where Neptune really was at the time. Still, no one 
searched for the new world. 

Adams communicated his first result to his over- 
worked teacher and director of the Cambridge 
Observatory, James Challis. Having mountains of 
other work piled on his desk, Challis did what any 
overextended person would do: He suggested Adams 
take his ideas up the ladder to a higher authority. 

That authority was the Astronomer Royal, George 


Biddell Airy. With a letter of intro- 
duction to Airy but no formal 
appointment, Adams attempted 

to pay Airy an unannounced visit. 
Adams attempted three total visits, 
once on the way to, and twice 
returning from, a vacation in 
Cornwall. Airy was home, but did 
not receive Adams, so Adams left 
a note. To the Astronomer Royal’s 
credit, Airy did follow up with a 
response letter, in which he posed 
to Adams a rather technical question. 

Adams never replied. The late astronomy historian 
Craig Waff did discover during a visit to the Truro 
Records office in 2004 that Adams had begun to 
draft a letter back to Airy. The reason it wasn’t sent 
will likely never be known; perhaps it was merely a 
matter of becoming absorbed with other duties, with 
a chaser dose of procrastination. As always in the 
course of history, the discovery story of Neptune 
includes a trail of wistful what-might-have-beens. 


The discovery in Berlin 

Except for a few further computations made at 

the end of 1845, Adams laid the Uranus problem 
aside for a time. In early 1846, he started helping 
Challis compute comet orbits from Challis’ backlog 
of observations. The initiative to explain the orbit 
of Uranus fell on Le Verrier and the French. 


ABOVE: This 1889 
sketch shows a 
proposed but never 
realized ceiling 
project by French 
artist Edmond- 
Louis Dupain. It 
depicts Le Verrier 
pointing to the 
place in the sky 
where the planet 
Neptune would be 
discovered. At right 
in the background, 
an astronomer with 
a telescope scans 
the heavens. paris 
OBSERVATORY LIBRARY 


LEFT: This diagram 
is based on the 
Berlin star chart 
that was used 

by two German 
astronomers to 
locate a predicted 
planet later named 
Neptune. The arrow 
points to a “star not 
on the map” that 
they excitedly 
identified. The 

X marks where 

Le Verrier's 
calculations 
predicted the 
planet would be, 
little more than a 
degree away from 
its true location. 
WH. STEAVENSON ET AL, 
SPLENDOUR IN THE HEAVENS 
(1925) 
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ABOVE: Neptune's 
largest moon, Triton, 
hovers beneath its 
giant host in this 
Voyager 2 image 
taken some 3 million 
miles (4.9 million km) 
from Neptune. The 
spacecraft captured 
the shot just three 
days after it made its 
closest approach to 
the planet. nasavec 


ABOVE RIGHT: 

The telescope used 
by Galle and d’Arrest 
to discover Neptune, 
originally at Berlin 
Observatory, is now 
on display in the 
Deutsches Museum 
in Munich. 

WILLIAM SHEEHAN 


BOTTOM RIGHT: 
The heavily 
populated outer 
solar system is 
shown here as it 
appeared in April 
2019. Unknown to 
even late-19th- 
century astronomers 
was the fact that 
beyond Neptune 
exists a vast ring of 
icy bodies called 
Kuiper belt objects 
(KBOs). A subset 
of these KBOs orbit 
the Sun ina 2:3 
resonance with 
Neptune. asrronomy: 
ROEN KELLY, AFTER MINOR 
PLANET CENTER 


Le Verrier attacked the problem with his consid- 
erable computational abilities. He was “a calculating 
machine,” says Guy Bertrand, a graduate student at 
Paris Observatory. “He double-checked every calcu- 
lation and did a lot of them mentally.” For his Ph.D. 
dissertation, Bertrand is reconstructing all of Le 
Verrier’s calculations — no small feat, considering he 
published only brief summaries of them. “There are 
thousands of these scraps of paper,” says Bertrand. 
“Tn all these pages, I found hardly any errors.” 

On June 1, 1846, Le Verrier announced his results 
so far, and included a position for the planet that, as 
Airy recognized immediately, was close to the loca- 
tion that Adams had proposed the previous autumn. 
Airy saw an opportunity and used his influence 
to get Challis to search that region of the sky at 
Cambridge University Observatory using the 11.6- 
inch Northumberland refractor. 

Challis obliged, and started a thorough if rather 
plodding hunt, which would have led to the discov- 
ery of the planet eventually. Indeed, he even recorded 
Neptune twice in early August, but did not get 
around to comparing its changing position between 
observations. Science historians have often criticized 
Challis as a bumbler, but he was at least looking. 

In France, meanwhile, Le Verrier encountered 
nothing but apathy. Finally, after he published a new 
calculation that put the planet just over a degree 
from where it actually was, and made a new pitch for 
astronomers to seek it out, Le Verrier found his man. 
Or rather men. They were Johann Galle, an astrono- 
mer at Berlin Observatory, and a student named 
Heinrich Louis d’Arrest, who suggested using a star 
map just published in Berlin that was not yet distrib- 
uted to astronomers elsewhere to aid in their search. 

After an hour’s work at the telescope on Sept. 23, 
1846, with Galle calling out the positions of stars in 
the field and d’Arrest checking them on the map, 
one finally elicited the exclamation: “That star is not 
on the map!” Close scrutiny revealed the aquamarine 
world’s disc, of which Galle said, “My God in heaven, 
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that’s a big fellow!” And so it was — a planet nearly 
the same size as Uranus and the last giant to be 
added to our solar system. 


An international furor 

The post-discovery history of Neptune is nearly 

as interesting as the find itself. The early efforts of 
Adams and Challis’ unavailing search came to light 
and provoked what threatened to be an international 
incident during a time of strained British-French 
relations. This was resolved with Le Verrier and 
Adams both receiving shares of the credit. A few his- 
torians have claimed there was a British conspiracy 
to doctor the documents in order to steal credit from 
the French. But there is no evidence of this at all. 


.. @Néptutie 


Classical KBOs 
° © Scattered disk 


°e KBOs in 2:3 reso 
with Neptune 


April 2019 


On the other hand, recent research has added 
new perspectives on some important issues about 
the calculations leading to the triumphant discov- 
ery. Soon after the discovery of Neptune, the 
American mathematician Benjamin Peirce sug- 
gested that Adams and Le Verrier had been lucky 
rather than good in some of their assumptions. In 
particular, those relating to the 2:1 orbital resonance 
between Uranus and Neptune. (For every orbit 
Neptune completes, Uranus completes roughly 
two.) Such resonances can wreak gravitational 
havoc: At the resonance itself, the planets’ orbits 
become unstable. 

Adams and Le Verrier assumed Neptune was 
just outside the resonance, allowing its orbit to 
remain stable. But there were early hints that this 
was an incorrect assumption. As Adams refined his 
sixth and final set of calculations, he grew nervous: 
The planet’s predicted orbit was getting uncomfort- 
ably close to the 2:1 resonance, which would make 
it unlikely to exist at all. But his worries had been 
misplaced. In fact, it was quickly determined after 
its discovery that Neptune lies just inside the 2:1 
resonance. As a result, Peirce argued that the appar- 
ent accuracy of Le Verrier and Adams’ calculations 
was a “happy accident.” 

Most astronomers at the time, including Adams 
and Le Verrier, dismissed Peirce’s criticism — after 
all, the predictions had been accurate enough to 
successfully find Neptune. But Peirce had a valid 
point. The 2:1 resonance between the ice giants 
turns out to be extremely important in understand- 
ing how the planets’ gravitational pulls affect each 
other’s orbits. 

This was clearly shown in 1990, when a team 

of researchers at the Chinese University of Hong 
Kong (CUHK) published a paradigm-shifting paper 
that cleverly simplified the main features of the 
perturbation problem, eliminating the need to 
grasp the intricate arcana of classical celestial 
mechanics. With their model, they showed that 
the 2:1 resonance of Neptune perturbs Uranus’ 
orbital motion by an order of magnitude more 
than what Le Verrier and Adams had assumed. 
Le Verrier and Adams never uncovered these effects 
because they used incorrect values for Uranus’ orbit, 
including its eccentricity and average distance from 
the Sun. 

The reason the orbital perturbations were much 
stronger than Le Verrier and Adams thought is 
related to the fact that the 2:1 resonance is not exact. 
(The period of Neptune differs from twice that of 
Uranus by 2 percent.) Though Le Verrier and 
Adams worried about the 2:1 resonance destabiliz- 
ing their calculations, they couldn’t anticipate a 
side-effect of the actual near-resonance. Namely, the 


orbital perturbation 
Uranus experiences 
undergoes “beats,” 
slow variations in 
amplitude that occur 
when two objects are 
very nearly, but not 
quite, in resonance, 
like strings of a musical 
instrument slightly out 
of tune. 


In light of this analysis, it 
turns out Le Verrier and 


Adams’ incomplete understanding of perturbation 
theory led them to make two mistakes. First, they 
made the deviations symmetric around the 1822 
Uranus-Neptune conjunction, which was incorrect. 
The deviation from the mean motion that they 
thought was a maximum during this period was 
actually a minimum. Second, they entirely missed 
another possible location for Neptune, 180 degrees 
out of phase from the first, on the opposite side of 
the Sun! That they chose the position they did, 
which happened to be near the planet at the time, 
was indeed a happy accident. 

Nevertheless, their efforts represented a signifi- 
cant accomplishment. According to CUHK physi- 
cist Kenneth Young, who co-authored the 1990 
paper, “Le Verrier’s and Adams’ calculations were 
valid within the limitations of the theory they 
used.” In fact, Young adds, “even a search with 
many fewer parameters than those actually involved 
would have been a major computational endeavor in 
the days before electronic computers.” 

So, the fulfillment of their prediction in 
d’Arrest’s exclamation, “That star is not on the 
map!” proves not to have been, as expected by later 
investigators, a model for future planetary discov- 
ery. Instead, it was a freak event, not likely to be 
repeated again in the history of astronomy. » 
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ABOVE: Five days 
before zipping by 
the solar system's 
eighth planet in 1989, 
Voyager 2 captured 
this view of the ice 
giant's surprisingly 
complicated clouds. 
At center is a 
so-called great 

dark spot, a type of 
temporary neptunian 
storm. A patch of 
elongated cirrus 
clouds, called a 
scooter, is also visible 
to the north. nasavt- 
CALTECH/VOYAGER-ISS/JUSTIN 
COWART 


LEFT: German 
astronomer Johann 
Gottfried Galle (far 
left), along with 
fellow German 
astronomer Heinrich 
Ludwig d’Arrest (near 
left), made the 
definitive discovery 
of Neptune, spotting 
it on the night of 
Sept. 23, 1846. sotn 
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William 
Sheehan is 
editor-in-chief 
and co-author 
of Neptune: 
From Grand 
Discovery to a 
World Revealed 
(Springer, 2021). 
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SKY THIS MONTH 


@® Visible to the naked eye 
AP Visible with binoculars 
K Visible with a telescope 


THE SOLAR SYSTEM'S CHANGING LANDSCAPE AS IT APPEARS IN EARTH'S SKY. 
BY MARTIN RATCLIFFE AND ALISTER LING 


FEBRUARY 2022 


Five planets (and the 
Moon) stretch across the 
sky on an early morning 
in February 2016. This 
month, the starting 
lineup might be different, 

_ but the players are the 
Same. JOHN CHUMACK 


Venus steals the spotlight 


Venus’ big day > fb F 


e 
Rasalhague 


Venus achieves its 

greatest brilliancy, 
dominating the predawn sky 
all month with its spectacular 
glow. Mars and Mercury join 
the dawn chorus of planets, 
and late in the month Saturn 
reappears from behind the 
Sun. With Jupiter heading 
for conjunction with our star, 
there are five major planets 
spanning less than 50° along 
the ecliptic by the end of 
February. 

Let’s start with Jupiter, 
briefly visible after sunset dur- 
ing these early winter evenings. 
On Feb. 1, you'll find the bright 
planet hanging 10° high in the 
western sky an hour after sun- 
set. At magnitude —2, it’s bright 


enough to remain easily visible 
through the first week of 
February, and becomes more 
difficult to spot as the second 
week progresses. 

Saturn’s conjunction with 
the Sun occurs Feb. 4. By the 
end of the month, it reappears 
near Mercury. Keep reading 
for more details on how to spot 
it in the morning sky. 

Neptune sets three hours 
after sunset in early February. 
To spot this distant planet, try 
as soon as the sky is dark. On 
Feb. 3, the slender crescent 
Moon is a useful guide, with 
Neptune standing 4° due north 
of our satellite. The planet glows 
at magnitude 7.9 among the 
stars of eastern Aquarius the 
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Feb. 12, 1 hour before sunrise 
Looking southeast 


Venus shares the morning sky with Mercury and Mars on Feb. 12, when it 
reaches greatest brilliancy. att iLtusTRATIONS: ASTRONOMY: ROEN KELLY 


RISING MOON | The mountain above the pole 


VENUS reaches an unusually 
bright greatest brilliancy 
Feb. 12. To see it at its brightest, 
catch it the next morning, 
blazing at magnitude -4.9. 


OO’ 


Water-bearer. A telescope will 
reveal a 6th-magnitude star 4° 
northeast of Phi () Aquarii; 
Neptune lies only 1.5' due north 
of this star on Feb. 3. The ice 
giant tracks to the northeast 
during the rest of the month 
and is consumed by twilight 
before month’s end. 

Uranus is up all evening 
during February, located in 
Aries the Ram. It sets just after 
local midnight early in the 
month and about two hours 
earlier by the end of February. 
At magnitude 5.8, it’s just bright 
enough to spot with the 
unaided eye. But in a sparse 
region devoid of bright stars, 
it’s hard to track down. 

The planet lies about 11° 
south-southeast of Hamal, the 
brightest star in Aries, and 5.3° 
north-northwest of Mu (1) Ceti. 
On Feb. 1, it pairs up with 
6th-magnitude 29 Arietis — the 
two are just 25' apart. In bin- 
oculars, they should stand out 
as a close double, with slightly 
bluish Uranus due south of the 
star. A waxing Moon lies in the 
vicinity on Feb. 7. Uranus con- 
tinues its easterly trek, moving 
to a point 43' east of 29 Arietis 
by Feb. 28. Point your telescope 
at Uranus to spy its 3"-wide 
disk. This distant giant lies 
1.9 billion miles from Earth. 

All other planetary action 
occurs in the predawn sky, with 
four major planets visible in the 
latter half of February. 

— Continued on page 38 


WHERE'S THE BEST PLACE on the Moon for 
a solar power station? That would be a massive 
hill on the lunar farside, just beyond the south 
pole, which suffers only a brief interruption in 
continuous sunlight. M5, unofficially known as 
Mount Clementine, undergoes a short eclipse as 
the shifting shadow of its neighbor M4 swings 
across it once a month. By contrast, most places 
on the Moon must endure the day-night cycle 
that sports 14 Earth nights of darkness. 

Without a doubt, Mount Clementine is the 
easiest farside feature to see — when the time 
is right. As the Moon hits a high above the 
Earth-Sun plane (the ecliptic), depicted as 
a red line on our Star Dome (see 
page 34), we have the opportunity to 
peer a bit beneath its south pole. Start 
on the 14th and return nightly through 
Full Moon on the 16th, when we get a 
near-perfect, outstanding 3D perspective. 
It’s as if you were in a helicopter flying low over 
waves rushing toward a beach. Our extra view- 
ing angle shows us the shadow cast by every 
hill, reminiscent of the way dark eyeliner high- 
lights the white of the eye. 

Instead of shadows lying west of a rising Sun, 
here they are cast southward, gradually swing- 
ing around in an arc. The modestly tall bump in 
front of Mount Clementine at first casts its 
shadow to all the way to the base of M4; on fol- 
lowing nights it marches eastward, crossing the 
base of Clementine. A few nights later, M4 itself 
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Clementine) 


©) This month and next, get a glimpse just 
beyond the lunar south pole. consouioated 
LUNAR ATLAS/UA/LPL. INSET: NASA/GSFC/ASU 


puts Clementine in darkness, as in the 
image here. Use Casatus, Moretus, and Newton 
to nail the identification. 

Be patient and wait for good seeing. The 
views will be quite rewarding. You may also pick 
out the crater rims of Shackleton and Faustini on 
the farside! At lower power, the glare from the 
Full Moon can be rather unbearable in larger 
instruments, so use a dark blue or green filter. 
But as you step up the power, you might not 
need one. Go back for another round next 
month near Full Moon, since the geometry 
almost repeats. 


not forgotten 


THERE ARE NO major meteor showers this 
month, but it’s still worth venturing out into 
the country in search of dark skies. While 
sporadic meteors can be seen at any time, 
February is also a good time to spot the 
zodiacal light. 

Our solar system is filled with the dusty 
remains of long-dead comets. Sunlight reflect- 
ing off these billions of meteoritic particles 
causes the zodiacal light. It is detectable by 
eye soon after sunset under the right condi- 


tions. Select an observing location where the 
western sky is very dark, with few towns sport- 
ing street lighting. As the sky darkens, an hour 
or so after sunset, a cone-shaped glow similar 
to the Milky Way will become visible. It will 
appear steeply angled from the western hori- 
zon and aligned with the ecliptic, extending 
upward through Taurus the Bull. Observers 
located at higher altitudes are at an advan- 
tage, as they avoid the deeper dust-laden 
atmosphere of Earth. 


Pick a time with a moonless sky to go in search of the 
zodiacal light’s elusive glow. nps PHOTO/JACOB HOLGERSON 
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HOW TO USE THIS MAP 
This map portrays the sky as seen 
near 35° north latitude. Located 
inside the border are the cardinal 
directions and their intermediate 
points. To find stars, hold the map 
overhead and orient it so one of 
the labels matches the direction 
you're facing. The stars above 
the map's horizon now match 
what's in the sky. 


The all-sky map shows 
how the sky looks at: 


10 p.m. February 1 
9 p.m. February 15 
8 p.m. February 28 


Planets are shown 
at midmonth 
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MAP SYMBOLS 
<> Open cluster 
Globular cluster 
Diffuse nebula 
Planetary nebula 


0+¢00: 


Galaxy 


STAR 
MAGNITUDES 


@ Sirius 
e 0.0 e 3.0 
e 1.0 * 4.0 


«20 . 50 i res 
CA - @ ye ep? 
me NIS /a, J \® 
MAJOR *2:M41 . 
oo if <5 : : ® : 
STAR COLORS - 3. 
A star's color depends y oie 
rt e 
on its surface temperature. n Adhara eG 
The hottest stars shine blue Puppy. _ 1% 0. 
e <r . - 
Slightly cooler stars appear white ty ° 


Intermediate stars (like the Sun) glow yellow 
Lower-temperature stars appear orange 
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The coolest stars glow red ou 


Fainter stars can't excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
www.Astronomy.com/starchart. 
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Note: Moon phases in the calendar vary in size due to the distance 
from Earth and are shown at 0h Universal Time. 


CALENDAR OF EVENTS 
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28 


( ‘ ) New Moon occurs at 12:46 a.m. EST 

The Moon passes 4° south of Jupiter, 4 p.m. EST 

The Moon passes 4° south of Neptune, 4 p.m. EST 

Mercury is stationary, 5 p.m. EST 

Saturn is in conjunction with the Sun, 2 p.m. EST 

Asteroid Massalia is at opposition, 3 a.m. EST 

The Moon passes 1.2° south of Uranus, 3 p.m. EST 

D> First Quarter Moon occurs at 8:50 a.m. EST 

The Moon passes 0,03° north of dwarf planet Ceres, 6 a.m. EST 
The Moon is at apogee (251,591 miles from Earth), 9:37 p.m. EST 
Venus is at greatest brilliancy (magnitude -4.9), 1 p.m. EST 
Venus passes 7° north of Mars, 8 p.m. EST 

ry Full Moon occurs at 11:56 a.m. EST 

Mercury is at greatest western elongation (26°), 4 p.m. EST 
q ) Last Quarter Moon occurs at 5:32 p.m. EST 

The Moon is at perigee (228,533 miles from Earth), 5:25 p.m. EST 
The Moon passes 9° south of Venus, 1 a.m. EST 

The Moon passes 4° south of Mars, 4 a.m. EST 

The Moon passes 4° south of Mercury, 3 p.m. EST 


The Moon passes 4° south of Saturn, 7 p.m. EST 


ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY 
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*| Asteroid Massalia reaches 
: opposition February 4/5 


Moon phases Dawn Midnight 
@ CS ( ) To locate the Moon in the sky, draw a line from the phase shown for the day 
3 aa eal straight up to the curved blue line. 
; ) , , 4 ‘ / 
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THE PLANETS 
IN THEIR ORBITS 


Arrows show the inner 
planets’ monthly motions 
and dots depict the 
outer planets’ positions 
at midmonth from high 
above their orbits. 


Venus 


Saturn 
Solar conjunction 
is February 4 
Mercury 


& . 


Date Feb. 15 Feb. 15 


Mercury Magnitude 0.1 -49 
Greatest western |. 
elongation is 


February 16 


Jupi Angular size 71" 39.1" 
upiter 

Illumination 57% 28% 
Distance (AU) from Earth 0.946 0.427 
Distance (AU) from Sun 0.440 0.719 


Right ascension (2000.0) 20h07.3m 19h05.3m 


Declination (2000.0) -19°36' -16°50' 
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JUPITER'S 
MOONS 


Dots display 
positions of 
Galilean satellites 
at 8 p.m. EST on 
the date shown. 


Early evening South is at the 


top to match the 
view through a 
telescope. 


© sto Jupiter 


Feb. 15 Feb. 15 Feb. 1 
3 8.5 -2.1 
4.5" 0.6" 33.6" 
95% 97% 100% 
2.082 2.414 5,861 
1.478 2.683 4.986 
19h07.2m 3h53.8m 22h36.0m 


-23°12' 20°42' -9°53' 


THE PLANETS IN THE SKY 
These illustrations show the size, phase, 

and orientation of each planet and the two 
brightest dwarf planets at Oh UT for the dates 
in the data table at bottom. South is at the top 
to match the view through a telescope. 


Saturn 


Feb, 28 
0.7 
15.3" 
100% 
10.828 
9,908 
21h24.4m 
-16°09' 


Uranus Neptune Pluto 


o* 


Feb, 15 Feb. 15 Feb. 15 
5.8 78 14.8 
3,5" 2.2" 0.1" 

100% 100% 100% 

19.951 30.807 35.325 

19.716 29.919 34.464 

2h34.2m 23h30.9m 19h58.0m 
14°43' -4°22' -22°30' 
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WHEN TO 
SKY THIS MONTH — Continued from page 33 Vi EW TH E 


feu 


EVENING SKY 
On Feb. 5, Mars comes close to 


Jupiter (west) 
the globular-cluster M22. You can 


Uranus (southwest) 


catch them together in binoculars. : ; Neptune (west) 
This shot shows a ‘different close 


approach, which occurred in MIDNIGHT 
November 2014. atan per - J Uranus (west) 


MORNING SKY 
Mercury (east) 
Venus (southeast) 
Mars (southeast) 
Saturn (east) 


-4.9 during the first half of 
February. Venus always reaches 
its brightest when it’s 26 percent 
lit, which occurs Feb. 12. 


Venus reaches an unusuall Typically, Venus is magni- 
When Comet 19P/ Borrelly returns to the brilliant moment this month, ° we - this time, ai its 
same region of the sky in December 2028, when it outshines its normal actual brightness also depends 
astronomers expect it to reach magnitude 8. greatest brilliancy by a few on its distance from Earth. The 
percent and hits magnitude reason Venus is exceptionally 


bright this month is that its 
elliptical orbit carries it closer to 
Earth than usual. The typical 


COMET SEARCH | In the alley of Aries 
variation in distance is between 


DISCOVERY in 1904 came (AU; where 1 AU is the average 

200 years after Edmond Halley’s c : Earth Sus sparanon) _ ae 

famous prediction that some 40.9 million to 43.7 million 
miles. This year, it’s just 


comets return. Yet Borrelly’s ais ; 
comet was only the 19th to 0.41 AU (38 million miles), 


be designated periodic. With a : . Agree: thus providing one of the rare 
a cycle of 6.86 years, Comet oS SUES ‘ ¢ : 6 moments that the planet 
19P/Borrelly will be back again o anus : : : exceeds its usual brilliance. 


Follow Venus with a tele- 
scope throughout the month. 
Situated among the rich star 
fields of Sagittarius, you can’t 
miss it rising more than two 
hours before sunup. The best 
times to catch a glimpse are in 
late twilight or even daylight. 
That’s because the planet’s great 


in December 2028 with one of 
its best apparitions ever. 

When it comes to bright- 
ness, distance is everything. In 
2028, Borrelly will come within 
0.41 AU. But our current appari- 
tion’s 1.3-AU distance cuts its 
shine to 9th to 10th magnitude. 


Our advantage this time is 
Borrelly’s altitude: It’s halfwa Comet Borrelly tracks from Pisces into Aries as February progresses, Bas j 
¥ y passing the 9th-magnitude face-on spiral galaxy M74 along the way. brilliancy causes glare in your 
The position of Uranus is shown on Feb. 15. scope when the sky is dark, 


making it hard to see well. 


up the southwestern sky as 
darkness sets in. Take a look in 


Pisces during the first few nights a dense core with a sharply patience to pick it upina On Feb. 1, Venus spans a 

of February before the Moon defined northern edge anda 4-incher, while imagers should unk AG" Ga these bukisa 

interferes, then jump back at it nicely broad V-shaped fan to readily capture some classic 5 y : 

in Aries as the dark-sky window the south. The trailing edge, green glow. The 5-mile-long, nasal POP enGen EE EC SCEO, 

reopens on the 18th. where the bigger dust particles bowling-pin-shaped nucleus During the month, eae 
Away from the city with an fall behind, will be diffuse. It remains invisible behind the tens and shrinks in apparent 


8-inch scope at 150x, we willsee __ will take truly dark skies and cloak of dust called the coma. size. By Feb. 13, it spans 40" 


LOCATING ASTEROIDS | 
Happy hunting 


ROUNDING OUT AT 600 MILES across, 1 Ceres may bea 

dwarf planet, but it nevertheless rules the asteroid belt. Glowing at 
magnitude 8.5, its bright appearance makes it a good target to fol- 
low from the city with a 3-inch scope. Find it halfway between the 
Pleiades (M45) and the ruddy luminary Aldebaran high in the south. 

The interstellar dust that gives the Pleiades their beautiful 
wispy clouds also helps us by blocking out the many potentially 
confusing Milky Way stars in the background. For the first half of 
February, Ceres is almost alone in a telescopic field, a few degrees 
northeast of the wide and almost equally bright pair of stars 13 
and 14 Tau. Pause from the 7th to the 10th, while the Moon moves 
through. 

The period from Feb. 25 to 28 is ideal for recording Ceres’ 
nightly motion. Use 37 Tau as a bright magnitude 4.3 anchor on 
the north side of your sketch. The main-belt asteroid will appear 
centered in a low-power field on the 27th. An earlier chance comes 
on the 21st — if you can tell the difference between a hockey stick 


Party along the ecliptic > Ah 


*Deneb 


CYGNUS OPHIUCHIS 


e Altair 


AQUILA 
SAGITTARIUS 


Feb. 27, 30 minutes before sunrise 


Looking east 


By the end of February, the Moon has joined the long lineup of planets 
stretching across the ecliptic. Although not visible, Jupiter lies on the same 


line, close to the Sun. 


once it’s 26 percent lit and shin- 
ing at its greatest brilliancy. Its 
brightness dips to —4.8 by 

Feb. 17, and by another 0.1 
magnitude by the end of the 
month. Now the disk spans 32" 
and is 38 percent lit. The bright 
planet’s good show will con- 
tinue into March, when it 
reaches greatest elongation. 

Mars joins Venus in the sky, 
although as a much fainter, dull 
orange ember glowing at mag- 
nitude 1.4. The Red Planet 
starts February 9° southwest 
of Venus and the pair moves 
across Sagittarius together in 
lockstep. Though a telescope, 
Mars is tiny, spanning 4". It is 
beginning its slow progress to 
an end-of-year opposition. 

By Feb. 12, Mars lies 6.6° 
south of Venus, the two planets 
straddling the Teaspoon aster- 
ism in eastern Sagittarius. They 
remain roughly this distance 
apart as they continue to trek 
with each other across the 
Archer’s starry realm. 

You can spy Mercury an 
hour before sunrise, when it 
stands 19° east of Mars on 


Feb. 1, shining at magnitude 1.1. 
It brightens to magnitude 0.5 by 
Feb. 5. That same morning, 
check out Mars in binoculars: 
You'll spot a bright globular 
cluster nearby. It’s M22, a 
5th-magnitude cluster within 
easy reach of binoculars. 

On Feb. 15, Mercury reaches 
magnitude 0 and is 14.5° east of 
Mars. The next day, Mercury 
reaches greatest western elonga- 
tion, standing 26° from the Sun. 
Compare the angular separa- 
tion of this innermost planet 
with the next planet out, Venus, 
which reaches its greatest elon- 
gation next month. 

A waning crescent Moon 
joins the spectacular scene on 
Feb. 27. It stands 4.5° southeast 
of Mars as dawn breaks. 
Mercury has brightened a frac- 
tion to magnitude -0.1 and is 
located 18° east of the Moon. 
Look for the planet very low in 
the southeast in the brightening 
sky. Binoculars will find it eas- 
ily. They'll also help you locate 
Saturn 4° farther east of 
Mercury and shining at magni- 
tude 0.7. They stand 2.5° and 4° 


ly 


GET DAILY UPDATES ON YOUR NIGHT SKY AT 
www.Astronomy.com/skythisweek. 


shape and the perfect corner angle of a capital L. Two hours is all 
you need to see Ceres’ northeasterly displacement. 
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Ceres threads between the Pleiades and Hyades this month, heading 


steadily to the northeast each night. 


high in the east, respectively, 
about 30 minutes before 
sunrise. 

Mercury is at aphelion 
Feb. 28, just 12 days after great- 
est elongation. That morning, it 
stands 6.5° to the upper left of a 
27-day-old, very thin waning 
crescent Moon. Saturn is 2.8° 
east of Mercury and harder to 
spot in bright twilight. It’s 
worth seeking out a good loca- 
tion with a clear eastern horizon 
these early mornings to catch 
four major planets and the 
Moon together at dawn. 

Although Jupiter is close to 
conjunction with the Sun and 


isn’t visible late in the month, 
it’s worth pointing out that at 
the end of February, Mercury, 
Venus, Mars, Jupiter and Saturn 
span 49° along the ecliptic. If 
we include Neptune, also 
approaching conjunction, the 
six major planets span 57°. And 
this separation is closing: Next 
month they’ll be even closer. 


Martin Ratcliffe is a 
planetarium professional with 
Evans & Sutherland and enjoys 
observing from Wichita, Kansas. 
Alister Ling, who lives in 
Edmonton, Alberta, is a longtime 
watcher of the skies. 
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I LOVE LISTS. I’ve created them for the 
25 greatest astrophotos, 25 essential telescope 
accessories, 12 great lunar targets, 10 things to 
do on a cloudy night, and lots more. For our 
500th issue, I even wrote “The 500 Coolest 
Things About Space,” which took up the whole 
issue. Most were just lists, but for this one, ’m 
doing something different. ’m ranking my top 
20 astronomers. 

Here's a necessary caveat: Throughout 
recorded history, astronomy — like science in 


general — has not been a terribly diverse 
or inclusive field. For instance, the first 
Black woman in the U.S. to get a Ph.D. in 
astronomy was Barbara A. Williams, in 
1981. This list spans nearly 2,300 years of 
observers of the cosmos. In another 2,300 
years, you can expect the next version of 
this list to look very different. 

That said, I love ranked lists because 
they get me thinking. I hope this list does 
the same for you. 


Charles Messier 


/ JUNE 26, 1730 - 

APRIL 12, 1817 

Charles Messier was a French 
comet hunter who discovered 13 
of those elusive objects. But that’s 
not why he’s on this list. During 
his comet searches, Messier often 
came across diffuse objects that 
didn’t change position against the 
background stars the way that comets did. He made a list 
of these objects so that he and other comet hunters could 
quickly dismiss them and continue their searches. This 
collection of nuisances was quickly adopted by amateur 
astronomers as a catalog of alluring visual wonders. To this 
day, the first deep-sky objects viewed by amateur astrono- 
mers are almost always Messier objects. PORTRAIT: R. STOYAN ET AL, 2008 


The Crab Nebula (M1) — the first entry that Charles Messier recorded in his 
famous catalog of deep-sky objects — glows in this composite image taken by 
NASA's Hubble Space Telescope and Herschel Space Observatory (an infrared 
telescope named after William Herschel, No. 5 on this list). esa/HerscHet/pacs/mess 
KEY PROGRAMME SUPERNOVA REMNANT TEAM; NASA, ESA AND ALLISON LOLL/JEFF HESTER (ARIZONA STATE UNIVERSITY) 


\ 


\ . 


Clyde Tombaugh was only 24 years old when he discovered 
Pluto. Before that, he had observed the sky with homebuilt 
telescopes at his family's farm in Burdette, Kansas. nusu Lisrary 
ARCHIVES AND SPECIAL COLLECTIONS 


Clyde William 
Tombaugh __ 


FEB. 4, 1906 - JAN. 17, 1997 

It would be absurd for me to leave an astronomer 
who discovered a planet off this list. He’s also the one 
person on this list that I knew well. As a Kansas farm 
boy, Clyde Tombaugh built several telescopes and sent 
sketches of planets to Lowell Observatory in Flagstaff, 
Arizona. The detailed observations so impressed the 
director, Vesto Slipher, that he hired Tombaugh and 
gave him the task of searching for a planet beyond 
Neptune, which culminated in the discovery of Pluto. 
In that search — during which he scanned more than 
90 million images — he also found several hundred 
asteroids, a similar number of variable stars, and two 
comets. 
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Christiaan Huygens was born into a family of influence. 
His father, Constantijn, was an advisor to the House of 
Orange, the reigning house of the Netherlands, and 
hoped his son would follow in his footsteps. Luckily for 
us, Christiaan wasn't interested. Haacs HistoRISCH MUSEUM 


Christiaan 
Huygens _ 


APRIL 14, 1629 - JULY 8, 1695 
Christiaan Huygens was a Dutch astrono- 
mer — and so much more. As far as his 
astronomical achievements, he ground 
lenses for refracting telescopes, invented 
a better eyepiece (one with two lenses) 
than those available at the time, and was 
the first to correctly identify the nature 
of Saturn’s rings. He also discovered 
Saturn’s largest moon, Titan, and, by 
spotting Syrtis Major on Mars, became 
the first person to observe a surface fea- 
ture on another planet. More tangentially 
related to astronomy, he also developed 
the theory that light is a wave and invent- 
ed the pendulum clock. 
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MAY 10, 1900 - DEC. 7, 1979 

In 1923, English-born Cecilia Helena Payne took advantage of a 
fellowship to study at Harvard College Observatory in Cambridge, 
Massachusetts. Two years later, she became the first person to earn a 
Ph.D. in astronomy from Radcliffe College, then the women’s college 
attached to Harvard. 

The doctoral thesis she wrote contained the astounding notion that 
the composition of the Sun wasn’t like Earth (a widely held belief), but 
rather that it — and all the other stars — was composed mainly of 
hydrogen and helium. Her later work focused on stellar evolution 
through the study of high-luminosity stars. She also, with the help of 
her assistants, made more than 3 million observations of variable stars. 


Cecilia Payne-Gaposchkin spent her entire academic career at Harvard University and 
its affiliated institutions. In 1956, she became the first woman in Harvard's history to 
head a department. Among the students that she advised is Frank Drake. smitHsonian 
INSTITUTION ARCHIVES 


ciIRCA 310 B.C. - CIRCA 230 B.C. 
The first ancient astronomer to make my list 
is Aristarchus, who lived on Samos, a Greek 
island close to the western coast of Turkey. 
His claim to fame — and it’s a big one — 
is that he was the first person to assert that 
Earth orbits the Sun. And while that’s what 
he’s usually remembered for, he also stated 
aves that our planet rotates once a day and that 

stars were objects like the Sun, but much farther away. 

Finally, although he incorrectly calculated that the Sun was about 
20 times farther from Earth than the Moon, he did write that because 
they appeared the same size to us, their diameters must be in propor- 
tion to their distances. porrrar: euiscevmn/wikiMeDia coMMONS 


JUNE 24, 
1915 - 

AUG. 20, 
2001 

English astron- 
omer Fred 
Hoyle is best 
known for his 


theory of stellar nucleosynthesis — how 
stars create elements heavier than heli- 
um. Indeed, in 1946, he became the first 
to write about this process. In 1954, he 
produced another groundbreaking pub- 
lication that showed how the elements 


up to and including iron were produced 
by fusion reactions in the cores of mas- 
sive stars. Hoyle’s work also showed 
how supernovae distribute heavy ele- 
ments throughout the universe. 

As a side note, Hoyle did not 
embrace the Big Bang, but he did coin 
the term, using it for the first time on a 
BBC radio program in 1949. portrait: air emitio 
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Williamina 
Fleming 


- MAY 15,1857 
bs ; - MAY 21, 1911 
Scottish astrono- 
mer Williamina 
Paton Stevens 
Fleming discov- 
ered the first 
white dwarf 
star, more than 50 nebulae (including 

the Horsehead Nebula [Barnard 33]), 

10 novae, and over 300 variable stars. But 
she’s on this list primarily for her work on 


the first Henry Draper Catalog, which list- 
ed the spectral classifications of more than 


10,000 stars as faint as 9th magnitude. 
To tackle the job, Fleming developed 
a scheme to order stars by the relative 
amount of hydrogen in their spectra. 


PORTRAIT: CURATOR OF ASTRONOMICAL PHOTOGRAPHS AT HARVARD COLLEGE 
OBSERVATORY 


JUNE 29, 1868 - FEB. 21, 1938 

In 1908, American astronomer George Ellery Hale 
proved that sunspots were associated with magnetic 
fields — no small achievement. But what really 
secured his place on this list were his tireless efforts 
to fund and construct some of the most important 
telescopes in the U.S. Among them are the 40-inch 
refractor at Yerkes Observatory, the 60-inch and 
100-inch reflectors at Mount Wilson Observatory, 
and the 200-inch reflector at Palomar Observatory. The 200-inch was chris- 
tened the Hale Telescope in his honor. Many of the 20th century’s greatest 
astronomical discoveries are because of Hale. portram: ap emuio searé viSUAL ARCHIVES 


DEC. 16, 1857 - FEB. 6, 1923 
Edward Emerson Barnard was arguably the greatest 
visual observer ever. He discovered 17 comets, the 
last of which was the first comet discovered using 
photography. In 1916, Barnard measured the proper 
motion of a magnitude 9.5 red dwarf in Ophiuchus. 
He found a value of 10.3" per year, still the highest of 
any known star. It’s now known as Barnard’s Star. 
But Barnard’s greatest accomplishment was his 
photographic atlas of the Milky Way. In it, he identified 349 dark regions pre- 
viously thought to be voids between the stars. Barnard showed that these were 
instead clouds of dust and cold gas — dark nebulae. rorrnarr: aip emiuio seeré visuaL ARCHIVES 


American astronomer Maria Mitchell rose to fame 
by finding Miss Mitchell’s Comet (C/1847 T1). For 
that discovery, which she made through a 3-inch 
refractor on Oct. 1, 1847, she was presented a gold 
medal by King Frederick VI of Denmark — becoming 
the first woman to win an astronomy-related award. 
Although she didn’t attend college, Mitchell was 
appointed professor of astronomy and observatory 
director at Vassar College in 1865. During her tenure, she became involved in 
the anti-slavery and woman’s suffrage movements. Her efforts, and those of 
the Maria Mitchell Association established after her death, helped many 
women enter the fields of science and mathematics. postrar: ap eitio searé visUAL ARCHIVES 


f= AUG. 1, 1818 - JUNE 28, 1889 


OCT. 22, 1905 - 

FEB. 14, 1950 

American engineer Karl 

Jansky was a pioneer of radio 
astronomy. In 1931, using a large 
antenna he had constructed, 
Jansky discovered radio waves 
that originated in the Milky 
Way. Because this was a new branch of astronomy, other 
scientists didn’t immediately follow up on his discovery. 
Two that did, and who established the legitimacy of radio 
astronomy, were Grote Reber of Wheaton, Illinois, and 
John D. Kraus at the Ohio State University. Reber con- 
ducted the first sky survey in radio wavelengths, while 
Kraus invented many antennas that advanced radio 
astronomy and wrote the most widely used textbook on 
the subject. To honor Jansky’s original discovery, the unit 
that astronomers use to measure the strength of a radio 
source is named the jansky. PORTRAIT: NRAO/AUI/NSF 


NOV. 2, 1885 - 
OCT. 20, 1972 
American astronomer Harlow 
Shapley was instrumental in 
popularizing the idea that 
Cepheid variables changed their 
brightness because they pulsate 
and not because they're binary 
stars. He studied the distribution of globular clusters and 
showed that the Sun wasn’t at the center of the Milky 
Way. He also proposed the liquid water belt theory, 
which said that a planet had to orbit at a given distance 
from its star to host liquid water. This region is now 
known as the habitable zone. 

Probably best known for his participation in the Great 
Debate with astronomer Heber D. Curtis, Shapley took 
the wrong side as he argued that galaxies (then known as 
spiral nebulae) were part of the Milky Way. Although he 
lost the debate, his clear arguments won Shapley the 
directorship of the Harvard College Observatory, a 
position he occupied for more than three decades. 


PORTRAIT: CHRISTIAN GALLET, COURTESY OF AIP EMILIO SEGRE VISUAL ARCHIVES, PHYSICS TODAY COLLECTION 
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NOV. 8, 1656 - 
JAN. 25, 1742 
It’s been said that the general 
public knows three astronomical 
objects: the Moon, the rings of 
Saturn, and Halley's Comet. 
English astronomer Edmond 

‘ Halley didn’t discover the object 
named for him — he never even saw it — but his math- 
ematical prediction of its return in 1758 guaranteed his 
place in history. 

Halley was a friend of Isaac Newton and used 
Newton’s theory of gravity and to calculate “his” comet’s 
orbit. In fact, Halley published at his own expense the 
book Newton wrote explaining the theory, Philosophie 
Naturalis Principia Mathematica. 

In 1676, Halley sailed to the island of St. Helena in the 
South Atlantic Ocean and spent a year measuring stellar 
positions, the result of which was the first catalog of the 
southern sky. PORTRAIT: PAUL MELLON FUND 


TOP: Edmond Halley never saw his eponymous comet, but in 1910, 
Halley's Comet came within 14 million miles (22 million km) of Earth, 
allowing observers to take spectacular photographs — the first ever 
taken of the comet. Its wispy tail is visible in this image, made with 
an 8-inch telescope at Harvard College Observatory. piaitat access To A sky 
CENTURY @HARVARD 


BOTTOM: During the comet's next pass in 1986, the European mission 
Giotto took this image of the comet's nucleus, revealing its rocky surface 
and jets of dust and gas. HaLLey MULTICOLOR CAMERA TEAM, GIOTTO PROJECT, ESA 


Hipparchus 


ciRCA 190 B.C. - CIRCA 120 B.C. 

When you talk about the greatest ancient scientist, there’s little 
doubt that you mean Greek astronomer Hipparchus of Nicaea. 
He’s best known for his discovery of precession: After measuring 
the positions of several bright stars, his results didn’t agree with 
the ones Greek astronomers a century earlier had recorded. He 
concluded that the positions of the equinoxes were changing. We 
also have him to thank for originating the magnitude system. In 
his catalog of some 850 stars, he ranked them in order of bright- 
ness, from 1st to 6th magnitude. PORTRAIT: WIKIMEDIA COMMONS 


NOT QUITE 
ASTRONOMERS 


Many of you might be thinking, “OK, 
Einstein — where's Einstein?” Although 
NOV. 9, 1934 - DEC. 20, 1996 his discoveries revolutionized astron- 
Nobody did more to popularize astronomy than American omy, Albert Einstein was a physicist, 


: the most famous of all. Here's a list of 
astronomer Carl Edward Sagan. The landmark 1980 televi- 10 physicists who had a tremendous 


sion series Cosmos: A Personal Voyage, which he co-wrote influence on astronomy, this time in 
and narrated, has been viewed by more than half a billion alphabetical order. 
people. He also wrote popular science books, including ’ 
The Dragons of Eden, Pale Blue Dot, and the novel Contact, = Niels Bohr 
i which was turned into a motion picture. OCT. 7, 1885 - NOV. 18, 1962 


But Sagan was no slouch scientifically. He predicted ‘ot 
that Venus’ temperature should be above the melting point of lead due to a runaway = Christian Doppler 
greenhouse effect. He also imagined that Jupiter's moon Europa might have an NOV. 29, 1803 - MARCH 17, 1853 


underground ocean. portrait: pes = Albert Einstein 


As a member of the 
imaging team for 
NASA's Voyager 
probes, Carl Sagan 
hatched the idea for 
Voyager 1 to take 
the image that 
would become 
known as the Pale 
Blue Dot. In it, Earth 
is seen from a 
distance of 

3,7 billion miles 

(6 billion kilometers) 
as “a mote of dust 
suspended in a 
sunbeam,” he later 
wrote. NASA/JPL-CALTECH 


MARCH 14, 1879 - APRIL 18, 1955 


= Carl Friedrich Gauss 
APRIL 30, 1777 - FEB. 23, 1855 


= Stephen Hawking 
JAN. 8, 1942 - MARCH 14, 2018 


= James Clerk Maxwell 
JUNE 13, 1831 - NOV. 5, 1879 


= |saac Newton 
JAN. 4, 1643 - MARCH 31, 1727 


= Erwin Schrodinger 
AUG. 12, 1887 - JAN. 4, 1961 


= Kip Stephen Thorne 
B. JUNE 1, 1940 


= John Archibald Wheeler 


JULY 9, 1911 - APRIL 13, 2008 
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NOV. 15, 1738 - 

AUG. 25, 1822 

You may know that Frederick 

William Herschel discovered 

Uranus in 1781. But Herschel 

didn’t stop there. He discovered 

four moons: Saturn’s Enceladus 

and Mimas and Uranus’ Titania 

and Oberon. He also established 
the basis for the study of binary stars, and by revisiting 
them for more than a quarter of a century showed that 
they were physically related, not simply chance align- 
ments. He found nearly 2,500 deep-sky objects and, as if 
all this weren’t enough, discovered infrared radiation and 
that the Sun is moving toward the constellation Hercules. 


PORTRAIT: J. RUSSELL, COURTESY AIP EMILIO SEGRE VISUAL ARCHIVES, E. SCOTT BARR COLLECTION 


DEC. 27, 1571 - 
NOV. 15, 1630 
Kepler’s importance to astron- 
omy is so great that the final 
FS Tile exam of my History of 

GREE Astrenomy course at Ohio 

SMe MU) Sc Univett 

2 trike. |: eenr tate University consisted 

of Just one question: Given 

Kepler’s laws of planetary motion, derive Newton’s 
three laws. Indeed, German astronomer Johannes 
Kepler’s laws — especially the first, which states 
that planets move in ellipses (not circles) — set the 
stage for the law of universal gravitatiolii. 

In addition to many years of arduous orbital cal- 
culations, Kepler also observed a supernoya, now 
called Kepler’s Nova, in 1604. Noting that the object 
showed no parallax, he concluded that it was neither 
atmospheric nor nearby, but that its distance must be 
the same as the other stars. postrarr: aip emivio Segre VISUAL ARCHIVES 


The supernova that Johannes Kepler observed in 1604 is pictured here in 
X-rays by NASA's Chandra X-ray Observatory. The bright arc at the top is 
caused by debris from the explosion plowing into surrounding gas and 
dust. X-RAY: NASA/CXC/SAO/D.PATNAUDE, OPTICAL: DSS. 
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FEB. 19, 1473 - 

MAY 24, 1543 

Unlike Herschel, who seems to have 
done everything, Polish astrono- 


mer Nicolaus Copernicus did just 
one thing. Most scholars, however, 
think it was the greatest thing ever 
done in astronomy. Copernicus 
formulated what’s now called the 
heliocentric model — he moved Earth from the center of 
the universe and replaced it with the Sun. And although he 
outlined his theory around 1514, he didn’t publish his epic 
De revolutionibus orbium coelestium (On the Revolutions 
of the Heavenly Spheres) until he was on his deathbed in 
1543, mainly because he was concerned with criticism, both 
scientific and religious. PORTRAIT: ENGRAVING BY JEREMIAN FALCK, COURTESY AIP EMILIO SEGRE 


VISUAL ARCHIVES 


DEC. 14, 1546 - OCT. 24, 1601 

Danish astronomer Tyge (Tycho) Ottesen Brahe 
was history’s greatest pre-telescopic observer. In 
fact, his careful observations of Mars enabled 
Kepler to derive his laws of planetary motion. 
Although Brahe didn’t have a telescope, he con- 
structed many observing instruments: several 
quadrants, an armillary sphere, a sextant, and 

a large globe. 

Two of his famous observations were of the 
supernova that appeared in 1572 (now called 
Tycho’s Nova) and the Great Comet of 1577. When 
he measured their positions, he saw no parallax, 
meaning that their distances placed them beyond 
the Moon. 


FEB. 15, 1564 - JAN. 8, 1642 


As I stood in the science museum of 


Florence (now known as Museo Galileo) 
gazing at the first lens Galileo made, 
Astronomy Editor David Eicher, standing 
next to me, said, “That’s where optical 
astronomy began.” For that reason, Italian 
astronomer Galileo di Vincenzo Bonaiuti 
de’ Galilei ranks No. 1 on this list. 
Although he didn’t invent the telescope, Galileo was the first to 
a ae ‘ use it to study the sky. He observed sunspots, the phases of Venus, 
Soran i a Hepeeee oases aoe Saturn’s rings (although he called them “handles”), and the four 
scholars to suggest that Shakespeare was rejecting Tycho’s large moons of Jupiter. He also saw stars fainter than the eye could 
geoceabie Meories when he illegal Rosenicrameand see, describing them with a term never before used: 7th magnitude. 
Guildenstern in Hamlet. saray caMPBELL BLAFFER FOUNDATION, HOUSTON ; i ; 
And that’s my list. Discuss. Debate. Rearrange. Just don’t try to 
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change my mind. porrear: painTiNe By Justus SUSTERMANS, COURTESY AIP EMILIO SEGRE VISUAL ARCHIVES, 


W.F. MEGGERS COLLECTION 


Michael E. Bakich is a contributing editor of 


Astronomy. Contrary to popular belief, he did not know ABOVE: The objective lens that Galileo Galilei used for many of his observations 
Erstosthenas in 1609-1610 is preserved in an ebony and ivory frame in the Museo Galileo in 


Florence. museo eatiteo 


Astronomy 
tips for 


Trekking out to your favorite 


observing spot requires a little extra 


planning this time of year. But the 
views are totally worth it. 
BY MICHAEL E. BAKICH 


ve heard it said that it 
takes a special kind of 
amateur astronomer to 
observe in winter. I only 
partly agree. Yes, cold 
weather is hard on equip- 
ment and observers alike. 
But the prospect of observ- 
ing the Witch Head Nebula 
(IC 2118), the Intergalactic 
Wanderer (NGC 2419), or 
Thor’s Helmet (NGC 2359) on 
a clear winter night is difficult 
to resist. So, for those of us not 
born with antifreeze coursing 
through our veins, the key lies 
in preparation. 
And do note that while this 
story specifically relates to 


winter observing, similar con- 
ditions occur during other sea- 
sons at high altitude. Being 
prepared only starts with the 
right equipment — for your 
optics and for yourself. The 
next step is having what you 
need for what you didn’t 
expect. If you're observing at a 
remote site, you need to over- 
pack. You probably won't use 
everything you bring. But in 

a cold, isolated environment, 
the right tools at your finger- 
tips might just mean the differ- 
ence between life and death. 


How to stay warm 
By far, the most important 


body parts to keep warm are 
the head and the feet. While 
it’s a myth that you lose the 
most heat through your head, 
you definitely don’t want to 
leave your head uncovered 
while the rest of your body 
is wrapped up. Similarly, the 
ground will quickly sap your 
body heat if you’re wearing 
only thin-soled shoes. 

My personal headgear is a 


soft fleece pullover head cover. 


I can cover everything but my 
eyes — though on all but the 
coldest nights, I have the front 


pulled down to expose my 
nose and mouth. Over this I 


wear a felt hat. I don’t like the 
down-filled hood of my parka 
— although it’s really warm 
— for one reason: When the 
hood is up, the material rub- 
bing on itself makes so much 
noise that unless I stand still, 
conversation is difficult. Also, 
I just feel better being able to 
hear what’s going on around 
me. It’s also worth noting that 
hoods can diminish peripheral 
vision — another important 
safety consideration. 


The globular cluster NGC 2419 in Lynx is nicknamed the Intergalactic 
Wanderer because its wide orbit around our galaxy once led scientists 
to think it wasn't orbiting the Milky Way at all. This winter, bundle up 


and catch a glimpse! apam sLock/MoUNT LEMMON SKYCENTER/UNIVERSITY OF ARIZONA 


OBSERVING 


The winter sky offers a plethora of targets for the well-prepared 
observer. Dressing for the weather and bringing the right equipment 
is the best way to ensure a safe and enjoyable observing session 


when the temperature drops. aan ver 


As for boots, go for the best 
you can get that will let you 
drive your vehicle. I usually 
wait until I reach my observ- 
ing site to change into my 
cold-weather boots, but you 
never can tell if an emergency 
might require you to make a 
quick exit. My boots are com- 
fortable, light, and have a 
thick insulated lining in the 
sole to prevent heat transfer 
downward. I also recommend 
pairing them with warm socks 
of wool or a wool-like syn- 
thetic material. 

You'll also want to bring 


hand-warmers, and lots 

of them. They’re great 

when they work but are noto- 
rious for not lasting as long as 
the package says they will. 
Keep an active one in each of 
your jacket pockets and slip 
them into and out of your 
gloves or mittens to quickly 
warm up your hands. If you're 
wearing gloves, pulling your 
fingers out of the finger slots 
can warm them up a lot faster. 
If your feet get cold, toe warm- 
ers are also available, although 
with the right boots and socks, 
you shouldn't need them. 


Anyone 
who has lived 
in a cold envi- 

ronment knows 
it’s best to dress in 
layers. The method that 
has worked for me starts with 
light fleece long underwear 
and pants. (I always opt for 
pants with lots of pockets to 
store all my gear close at 
hand.) To keep my torso 
warm, I wear a T-shirt under- 
neath a thin, long-sleeved 
flannel shirt and a fleece zip- 
up jacket. I top it all off with 
a down jacket. The last item 
isn’t cheap, but if you can 
afford one with true goose 
down, it’s worth the extra cost. 


If youre particularly sensi- 
tive to low temperatures, con- 
sider a ski rescue suit as your 
outer layer. My wife, who feels 
the cold more acutely than I 
do, wears one and says it does 
a great job at keeping the wind 
and cold from reaching her. 

If you'll be spending the 
night, pick a sleeping bag with 
the appropriate temperature 
range for your area. The better 
ones are a bit expensive, but 
get a good one and you'll be 
happy you spent the extra 
money. Here in the desert 
southwest, we have different 
requirements than observers 
in Wisconsin or Norway. 
Note, though, that most bags 
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advertise rated temperatures 
that are much lower than the 
real temperature at which you 
might feel comfortable. If you 
take a bag out at its actual 
rated temperature, you might 
find its insulation inadequate. 
This is why veteran campers 
will tell you to add 15 degrees 
Fahrenheit (8 degrees Celsius) 
to a bag’s rated temperature. 
That will give you the real 
temperature at which you'll 
start to feel cold in the bag. 
Some sensitive souls may want 
to add 20 F (11 C). 

The worst way to use a 
sleeping bag is to place it 
directly on the ground. Even a 
slight bit of insulation will cut 
down the amount of heat loss 
between your body and 
Mother Earth. I start with a 
lightweight, plastic, queen- 
size, fold-out platform that 
lifts the bag about 18 inches 
(46 centimeters) above the 
ground. On the platform, I 
put a battery-powered, self- 
inflating air mattress. That 
raises the bag another foot or 
so. These two steps make a 
big difference in comfort, but 
even a few layers of folded 
blankets between the mattress 
and the ground can help. 

One item you should 
always have is a Mylar blanket. 
Often billed as survival blan- 
kets, that’s exactly what it may 
become. Wrapped around you, 
Mylar will trap body heat, 
allowing you to survive all but 
the most severe conditions. As 
a cover for your sleeping bag, 
it will keep you warmer, pro- 
vide a shield against wind 
penetration, and keep frost off 
your bag. These blankets are 
also waterproof and weigh 
next to nothing. You can find 
Mylar blankets at any quality 
camping or outdoor store, or 
many places online. 


What to expect 
from the sky 
OK, you're all bundled up, 


- 
The Witch Head Nebula 
(IC 2118), located near the 
bright star Rigel, is one of 
winter's’ most stunning 
. deep-sky targets for 
astrophotographers. But 
you'll need to make sure 
your equipment is 
temperature acclimated 
and dew free to get the 
_best shot. Giuseppe ponArieLto 


‘* 


Winter nights offer some of the year’s clearest skies — and coldest 
temperatures. Gloves, hats, and boots are a must, with several layers 
underneath for added warmth. aan over 


but have you chosen a good 
night? The smart amateur 
astronomer is usually also an 
amateur meteorologist. As 
you check the weather the 
day before and day of your 
observing trip, one of the 
most important details to 
look or listen for is informa- 
tion about air masses. 

A cold air mass (air colder 
than the ground) is likely to 
produce convection, which 
will probably result in 
cumulus clouds. The 
atmosphere in such 
a region is generally 
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clean, so transparency will be 
good. But because the air is 
turbulent, the seeing (atmo- 
spheric steadiness) will suffer. 
In this case, you can expect 
to see celestial objects to the 
limit of your vision, but 
they'll be twinkling. 

On the other hand, a 
warm air mass (warmer than 
the ground) is likely to create 
stratus clouds, haze, or mist. 
The atmosphere in this region 

probably will hold a lot of 

dust. This makes the 
air steadier but less 
transparent. So, 


the transparency will not be 
great, but the seeing might be. 
You also can usually count 
on bad seeing for at least 
24 hours after a front (the 
boundary between warm 
and cool air) or a trough 
(a stretched-out area of low 
pressure) passes through your 
area. And believe it or not, 
seeing is often best when ultra- 
thin cirrus clouds are over- 
head. The exception occurs 
when those clouds are moving 
in one direction and there are 
lower-level cross winds. 


Acclimating 
your telescope 
One of the biggest threats to 
high-quality winter observing 
is tube currents in your tele- 
scope. While the seeing might 
be good, the image through 
your scope may not be. This is 
often because the temperature 
of air in the tube is different 
than the ambient temperature 
outside. But how can you tell 
whether it’s the sky or your 
scope causing you trouble? 
Aim at a fairly bright star 
and defocus the image. This 
will allow you to detect air 


currents in your telescope by 
looking for circular motions 
inside the image. If your out- 
of-focus star has “hair” or a 
“ring of fire” around the outer 
edges, and if these patterns 
change subtly over a period 

of 30 seconds to five minutes, 
you have image-damaging 
tube currents. But note that 
you may not always be able to 
see these effects. To deal with 
the problem, your goal is to get 
your mirror to the same tem- 
perature as the outside air. The 
easiest solution is to wait an 
hour or so; but if you're impa- 
tient or on a timetable, you can 
use a small, battery-powered 
fan to blow the warmer air out 
of the tube. 


How to prevent dew 
The second problem you 
might face while out observing 
is dew, those small droplets of 
water that condense on cool 
items at night. I happen to be 
writing this from the desert 
environment of Tucson, where 
dew is rare. But I’ve lived and 
observed in many other loca- 
tions, so I know that dew on 

a telescope objective can be 

a session ender. 

Dew forms on optics when 
the temperature of your tele- 
scope falls below the dew 
point (the temperature at 
which atmospheric water 
vapor will condense on an 
object). This happens because 
when the weather is clear, 
your telescope essentially 
radiates its heat to the sky, 
which is at a colder tempera- 
ture than the atmosphere 
around it. If the air tempera- 
ture is near the dew point, the 
heat loss will cool your scope 
and dew will form on it. And 
if it’s really cold, frost can 
form on your optics. 

Of all telescope designs, 
the one most affected by dew 
is the Schmidt-Cassegrain. 
This type of scope has a large 
glass corrector plate at the 
front end of the telescope 
tube, and that glass plate can 
easily promote dew formation 
once it gets cold enough. But 
refractors and reflectors are 
certainly not immune, nor are 
eyepieces and finder scopes. 
To prevent dew from forming, 
you have to bring the 


telescope back to a higher 
temperature than the dew 
point. This is somewhat of a 
balancing act, though. You 
don’t want to overheat the 
optics because then thermal 
currents (see earlier) will 
degrade your observations. 

If you notice dew forming 
on your scope, you can 
deal with it in a 
number of ways. 

But there’s one 

way you absolutely 
should not deal 

with it: Never wipe 

the dew off with any 
type of cloth. The danger 
of scratching your lens or 
mirror is too great. 

In the field, you can turn 
on your car’s heater and move 
the tube inside to warm it up 
just a little. Leave the optics 
uncovered so the dew can 
evaporate. You also can use 
a cordless hair dryer or one 
that plugs into your car’s 
power outlet. Set it at the low- 
est air volume and run it for 
only a few seconds. Make sure 
to keep it several inches away 
from your equipment. 

Those who often observe 
in winter usually buy a dew- 
removal system, which installs 
on the telescope. Several 
are available, such as the 
Kendrick Dew Removal System 


(www.kendrickastro.com) 
and the Orion Dew Zapper 
(www.telescope.com). 

Finally, when you're ready 
to pack up, beware of conden- 
sation forming on items after 
you transfer them from the 
cold outside to a warm inside 
location, be it your car or 

house. Observers have 
told me that they put 
small objects (cam- 
eras, eyepieces, etc.) 
in zip-close plastic 
bags before bringing 
them inside. If you do 
this, any condensation 
will form on the outside of the 
bag and not on the delicate 
equipment inside. 


The key to 

winter observing 
Comfort is everything — 
especially in winter. If you're 
uncomfortable, you won't 
concentrate as well and, worse 
yet, you may cut your session 
short. Having the right gear 
with you will assure high- 
quality observations of the 
Orion Nebula (M42), Sirius B, 
and lots more. 


Michael E. Bakich is 

a contributing editor of 
Astronomy who lives in Tucson 
and no longer suffers through 
subzero observing sessions. 


ABOVE: In addition to the well-known Orion Nebula (M42), M78 should also be on 
your winter observing bucket list. This bright reflection nebula belongs to the same 
star-forming complex of gas and dust as its more famous neighbor. stePHen RAHN 


LEFT: The Orion Dew Zapper system is just one of many options you can use to 
prevent dew from forming on your telescope — or clear it off once those pesky 
droplets have already condensed. onion teLescores & BINOCULARS 
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The QHY 410C is a 
powerful full-frame 
CMOS camera that 
is best suited for 

* long-focal-length 

, telescopes. 


QHY 410C: 


A cooled color camera 


Equipped with a premium back-illuminated CMOS chip built by 
Sony, this powerful device a ultra- lown noise, ewnis is poe 
for astrophotography. te 
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For 20 years, I have been 
using charge-coupled device 
(CCD) cameras, and I cur- 
rently own the top-of-the-line 
SBIG STX-16803. But while 
studying two images I recent- 
ly made using the latest QHY 
410C CMOS camera, I had to 
wonder: Is CCD dead? 

For years, I lectured about 
the asymptotic boundary of 
noise in CCD images. Ina 
basic sense, this means that 
no matter how many frames 
you take to increase your 
signal-to-noise ratio for a 
cleaner image, you will always 
run into a wall of noise when 
you stretch your image to 
bring out deep shadows. But 
with QHY’s new CMOS cam- 
era, this troublesome wall of 
noise is nonexistent. 

The QHY 410C is a one- 
shot color camera that utilizes 
the back-illuminated Sony 
IMX410 CMOS chip found 
in high-end cameras like the 
Nikon Z6 and the Sony A7 
III. But the 410C has taken 
the full-frame (35 millimeter) 
24-megapixel chip and 
mounted it in a camera with 
regulated cooling and zero 
amplifier glow, helping drive 
the noise to such a low level. 

There also aren’t any 
noticeable cosmic ray hits, 
despite high quantum effi- 
ciency. (Quantum efficiency is 
the percentage of photons that 
are converted into recorded 
data.) With my SBIG STX- 
16803 CCD, quantum effi- 
ciency is around 60 percent; 
with a back-illuminated 
CMOS, it’s about 80 percent. 

The commercial availabil- 
ity of these back-illuminated 
chips has been a big game- 
changer in photography. In 
a normal, front-illuminated 
chip, all the supporting elec- 
tronics surround each light 
receptor (pixel). Thus, some 
of the area that receives light 
does not record it. In a back- 
illuminated chip, the 


supporting electronics are on 
the back of the chip, allowing 
100 percent of the light recep- 
tors to absorb and record 
light. This results in a chip 
with much higher sensitivity, 
which is ideal for astronomy 
and astrophotography. 


NGC 7023 


know the exact pattern used 
to create the colored pixels 
from the matrix through a 
process called deBayering. 
This is done automatically in 
DSLR and phone cameras. 
But for astrophotography, the 
raw Bayered image must be 


which brings us to mono 
CMOS cameras. You can 
order CMOS chips that do not 
have a Bayer matrix installed. 
These mono chips are meant 
for use with color filters 
placed in front of them. 
Separate red, green, and blue 


The Iris Nebula (NGC 7023) snaps into view in this shot taken with a PlaneWave CDK 17-inch telescope and QHY 410C 


camera from the author's California home last fall. Technical details: Six 15-minute subs binned 1 by 1; gain=0, offset=50; 
images deBayered and combined in AstroArt to a raw 16-bit TIFF file; stretched and processed in Adobe Photoshop CS6. 


Color vs. mono 
CMOS cameras come in 
two basic flavors: color and 
mono. A color camera splits 
the light into red, green, and 
blue (RGB) colors using a 
Bayer matrix. This typically 
consists of a microscopic 
array of colored filters — 
assembled in a pattern of 
two green, one blue, and 
one red — placed over the 
light receptors. Each of these 
clusters equals one color 
pixel. There are millions of 
clusters, so software must 


deBayered using computer 
software like Astro Art. 

This leaves you with a raw 
16-bit colored image that you 
can then stretch like a CCD 
image. Some photographers 
are concerned that color cam- 
eras have less resolution than 
mono cameras. But in prac- 
tice, I have found that the lim- 
iting factors are the seeing, 
the guiding, and the optics, 
not the type of camera. 

Before deBayering, all you 
see on your monitor is little 
black and white squares, 


exposures are made with the 
mono chip, then these frames 
are combined using software 
to create color. 

So, what’s the difference? 
With a mono chip, you're 
using all the pixels on the chip 
to capture each particular 
color of light. As a result, you 
will reveal more detail and 
possibly achieve a higher sig- 
nal-to-noise ratio. But the 
same chip in a color model is 
split into four receptors per 
color pixel. For example, with 
only one red receptor per pixel, 


WWW.ASTRONOMY.COM 53 


The Fireworks Galaxy (NGC 6946), imaged here, is a stunning face-on spiral 
that straddles the border between Cepheus the King and Cygnus the Swan. 
Technical details: Sixteen 20-minute subs binned 1 by 1; gain=0, offset=50; 
images deBayered and combined in AstroArt; processed in Photoshop CS 6. 


The Dumbbell Nebula (M27) is a stunning planetary in the constellation 
Vulpecula the Fox. The author captured this view from his home in Foresthill, 
California, using a Planewave CDK17 and QHY 410C camera. Technical details: 
one set of eight 10-minute subs binned 1 by 1 (in RGB to help bring out the color 
of the stars), gain=0, offset=50; a second set of twelve 20-minute subs binned 

1 by 1 (taken with an Optolong L-eXtreme filter to capture nebulosity), gain=50, 
offset=50; images deBayered and combined in AstroArt; processed as a raw 


16-bit TIFF file in Photoshop CS 6. 


the color chip only records 

25 percent of the red light that 
falls on it. Compare this with 
a mono chip with a red filter 
in front of it, where each pixel 
records 100 percent of the red 
light that falls on it. 


On the other hand, with a 
color chip, you are recording 
all three colors simultane- 
ously instead of separately. 
Purists and advanced imagers 
will typically go for the mono 
chip because it offers more 
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detail and more 
user control. But 
I have been sur- 
prised by the 
performance you 
can get from a 
color chip if you 
give it enough 
exposure time. 
(Remember, you 
are splitting the 
signal four ways!) Before we 
leave this topic, I should also 
point out that a color chip has 
the huge benefit of avoiding 
all the alignment and combi- 
nation issues that come with 
merging multiple color 
frames taken with a mono 
chip. If you want an easy life, 
go with a color option like the 
QHY 410. 

Another very interesting 
development has happened 
recently with color cameras. 
Go back a few years and 
narrow-band imaging was the 
sole domain of mono cam- 
eras. In addition to employing 
red, green, and blue filters 
with your mono sensor, you 
could also use Hydrogen- 
alpha (Ha), Oxygen-III (OII), 
and Sulfur-II (SII) filters, 
which allow only light from 
very narrow portions of the 
spectrum to pass through. 

But that all changed when 
the Optolong filter company 
realized that modern, highly 
sensitive color cameras can 
record Ho and OIII light 
simultaneously when there 
isn’t a standard ultraviolet and 
infrared (UV-IR) rejection 
filter in front of the camera 


The QHY 410C is seen 
here mounted to the 
business end of a 
PlaneWave CDK 17. 


chip. Optolong 
built a narrow- 
band filter called 
the L-eXtreme 
that allows only 
Ho and OMI 
light to come 
through, blocking 
out everything else. Once 
deBayered, the result is 
an image with the Ha 
and the OHI already com- 
bined, making your life even 
easier. This Ho-OIII image 
can then be added as another 
layer to the RGB image in 
Photoshop and combined 
via the Lighten blend mode. 
Remember, when you shoot 
the RGB frame, you must add 
a UV-IR rejection filter to 
keep those wavelengths from 
fogging up the shot. 
Using the 410C 
QHY calls their cooled CMOS 
(short for “complementary 
metal-oxide-semiconductor’) 
cameras COLDMOS cam- 
eras. And unlike CCDs, they 
have controls that emulate 
DSLRs — namely offset and 
gain. The offset will move 
the entire range of densities 
(histogram curve) away from 
pure black so you will have 
no clipped blacks. The gain 
is very similar to the ISO of 
your DSLR: It’s an ampli- 
fication of the signal in the 
camera. Turning up the gain 
in a CMOS typically reduces 
the maximum number of 
photons a pixel can absorb 
before it becomes saturated, 
which is known as the deep 


VEIL NEBULA 


The Veil Nebula, an ionized cloud of gas and dust, highlights how beautiful the 
tattered remains of an ancient supernova can be. The author captured this 
view in the fall of 2021 using the QHY 410C. Technical details: one set of nine 
10-minute subs binned 1 by 1 (in RGB to get the color of the stars), gain=0, 
offset=50; a second set of nine 20-minute subs (taken with an Optolong 
L-eXtreme filter to capture nebulosity), gain=50, offset=50; images deBayered 
and combined in AstroArt; stretched and processed in Photoshop CS 6. 


well capacity. If your cam- 
era has a shallow deep well, 
bright stars will quickly turn 
pure white and lose their 
color, and even bright nebulae 
can appear washed out. To 
avoid this, I typically set my 
offset to 25 and reduce my 
gain to a low setting or even 
zero. The 410C has a deep 
well of 120,000 binned 1 by 1 
in a low-gain setting. Typical 
deep wells, meanwhile, range 
between 25,000 to 75,000. 

My exposure times 
depend on the telescope and 
the brightness of my target. I 
typically shoot RGB one night 
and, if needed, narrow band 
the next. The RGB exposures 
are usually between 10 and 20 
minutes with an f/7 telescope. 
I double the exposure time 
when using a narrow-band 


filter. For the technically curi- 
ous, the QHY 410C has only a 
trace 1.6-electron read noise 
at low gain and a dynamic 
range of more than 14 f/stops. 
The camera’s chip has large 
6-micron pixels that are very 
good at recording faint levels 
of light during long exposure 
shots. It is, to date, Sony’s 
most light-sensitive CMOS 
chip. 

The camera also has a two- 
stage thermoelectric cooler, 
and QHY employs unique 
thermal noise-control tech- 
nology to reduce noise to a 
very low level, all without 
affecting the raw data integ- 
rity. This is obvious when you 
see the results: There is zero 
amplifier glow, no matter how 
long the exposure. 

The windows of the 


chamber are constructed to 
prevent dewing in wet condi- 
tions, as well as AR+AR 
coated to reduce reflections. 
The drivers for the camera 
have been time tested and 
work flawlessly. In fact, so 
far, I have never had a single 
problem with this camera. 


The QHY 410C can doa 
lot of imaging, from RGB to 
narrow band. Color cameras 
like this alleviate some of the 
challenges that crop up when 
using mono cameras. They 
are also usually cheaper and 
lighter than their mono coun- 
terparts. All you need is a fil- 
ter slide drawer and a filter 
holder so that you can swap 
in UV-IR and narrow-band 
filters as needed. 

A camera as powerful as 
the QHY 410C would have 
been unimaginable 10 or even 
just five years ago. Back- 
illuminated chips were once 
only the stuff of research labs. 
But now, they are readily 
available to the consumer. So, 
when you own a QHY 410C, 
you're owning the next big 
step in imaging technology, 
as well as helping usher in the 
arrival of the CMOS chip as a 
mainstay in astroimaging. 


Tony Hallas is one of the world’s top astroimagers. 
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To understand the 


nature of our galaxy, 


astronomers had 
to look to distant 
island universes. 


BY RAYMOND SHUBINSKI 


Turn your eyes toward the night sky and 
you will see a bright, hazy band of light 
cutting across the sky. 

For millennia, observers speculated 
about the Milky Way’s true nature. The 
Greeks said the streak of haze in the sky 
was milk spurting from the breast of 
the goddess Hera, Egyptians thought it 
was cows’ milk, and some Aboriginal 
Australians thought it was a river flow- 
ing through the sky. 

Today, we know that we are looking 
along the plane of our spiral galaxy, con- 
sisting of at least 100 billion stars. But 
understanding the shape of the Milky 
Way proved elusive up until the 20th 
century. The problem is we can’t get a 
bird’s eye view of our galaxy because our 
solar system is buried within the galaxy. 
But with the invention of the telescope, 
photography, spectroscopy, and radio 
astronomy, we have uncovered the shape 
and size of our home galaxy — and our 
place among the billions of stars that 
make up our island universe. 
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The telescope revolution 


Before the telescope, there was no clear 
understanding of the extent of our gal- 
axy. Nearly 25 centuries ago, the Greek 
philosopher Democritus proposed that 
the Milky Way was filled with stars 
that appeared to blend together because 
of their great distance. However, 100 
years later, Aristotle suggested that the 
hazy river of light was an atmospheric 
phenomenon. Aristotle’s authority was 
accepted for nearly 2,000 years, until two 


small pieces of glass finally unseated him. 


When Galileo turned his telescope to 
the sky in 1609, he made astounding dis- 
coveries. He published his observations 
in a little book, Sidereus Nuncius, in 
March 1610. The Moon was rugged and 
imperfect, he declared, and Jupiter had 
four companions. Galileo also scanned 
the Milky Way and reported, “This spy- 
glass has allowed me to discover a multi- 
tude of fixed stars never before seen, of 
which there are more than ten times as 
many as are naturally visible.” 


Observing targets like the Orion 
Nebula (M42) and the Beehive Cluster 
(M44) in the constellation Cancer, 
Galileo found myriad stars unobservable 
to the naked eye. He thought all the fuzzy 
objects in the sky would be resolved into 
stars; the astronomer could not know 
that each would play a role in giving us 
a picture of our galaxy. 


Spiral nebulae 


After achieving overnight fame in 1781 
when he discovered Uranus, William 
Herschel was swiftly appointed as King 
George III’s court astronomer. The king 
gave him money to build telescopes, 
including his 40-foot-long (12 meters) 
telescope with a 48-inch mirror. 

With it, Herschel produced perhaps 
the first systematic map of the Milky 
Way. He started by observing a dense 
area of the Milky Way and counting the 
number of stars in his field of view. As he 
moved away from the plane of the Milky 
Way, the number of stars dropped. 


The Juminous band 
of the Milky Way, 
from Cassiopeia to 
Scorpius, stretches 
across the sky over 
Panamint Valley in 
Death Valley National 


Pa rk. JOHN FISANOTTI 


This artist's conception of the Milky Way is 

based on data from NASA's Spitzer Space OUR GALACTIC HOME 
Telescope. Infrared images revealed that the 

Milky Way's spiral structure is dominated by two 

of its four primary arms: the Perseus Arm and 

the Scutum-Centaurus Arm. The Norma and 

Sagittarius arms are located between them. The 

newly discovered Cattail structure, reported 

August 2021 by astronomers at Nanjing 

University in China, may also be a spiral arm 

or a very long filament of hydrogen gas. 

ASTRONOMY: ROEN KELLY, AFTER NASA/JPL-CALTECH ¥ 


Herschel assumed that the number of 
stars in each area was a direct indication 
of the stellar population in that direction. 


Unaware of any relationship between 
faintness and distance, or that millions of 
faint stars were obscured from his view, Cattail? 
he produced a diagram of the Milky Way 


° 


that looks like a gigantic amoeba! =a 
By the 1840s, Herschel’s equipment Sy 
was dwarfed by the Leviathan of SS 


Parsonstown in Ireland. Built for William v 
Parsons, Earl of Rosse, this monstrous 


> é ‘ 15,000 light-years 
telescope’s 72-inch mirror allowed Rosse 


to produce amazingly detailed drawings 
of what he saw. In particular, his obser- 
vations of the Whirlpool Galaxy (M51), 
the Triangulum Galaxy (M33), and M99 
(NGC 4254) showed distinct spiral 
structures. Without a proper way to 
measure distances, astronomers could 
only question whether these nebulae, like 
stars and clusters, were within the Milky 
Way. After all, if they were distant struc- 
tures beyond the Milky Way, what did 
that mean for our place in the universe? 


Cosmic yardsticks 

The debate about the physical nature 
of the Milky Way continued into the 
early 20th century. Two new technolo- 
gies helped charge the discussion: spec- 
troscopy and photography. The ability 
to analyze starlight gave astronomers a 
powerful new way of understanding the 
chemistry of stars, while photography 
augmented the limited light-gathering 
ability of the human eye. 

Armed with these tools, astronomers 
Henrietta Leavitt, Edward C. Pickering, 
and Ejnar Hertzsprung discovered and 
defined a relationship between the 


Cepheid variable stars remain important to 
understanding the shape of the Milky Way. 
Each dot in this image is a Cepheid whose 
distance was measured by a team using the 
Optical Gravitational Lensing Experiment 
telescope (OGLE), at center, at Las 
Campagnas Observatory in Chile. k. uaczyku. 
SKOWRON/OGLE 


William Herschel constructed 
his map of the Milky Way with 
measurements he called 
“star-gages,’ which he took by 
pointing his telescope at 

». patches of sky and counting 
the number of stars he saw. 
The result is a cross section 
of the Milky Way from Earth's 
vantage point. carouine HERSCHEL 


period of dimming and brightening of a 
class of stars called Cepheid variables. In 
1908, Leavitt was studying variable stars 
in photographs of the Large and Small 
Magellanic Clouds sent to the Harvard 
College Observatory, where she worked, 
from Harvard’s observatory in Peru. She 
noticed a rhythmic and predictable varia- 
tion in brightness of these stars in the 
Large and Small Magellanic Clouds, 
which might last from a single day to 
more than a month before repeating. 
Furthermore, she discovered, the lon- 
ger the period of variation, the brighter 
the star appeared to be. Since all the stars 
in the Small Magellanic Cloud are at 
roughly the same distance, she reasoned 
that the period of a Cepheid variable was 
related to its true, intrinsic brightness. 
Pickering, the observatory director, 
suggested this period-luminosity relation 
could be useful to determine the distri- 
bution of star clusters and nebulae. And 
Hertzsprung was able to calibrate this 
technique by making independent 


distance measurements to Cepheids 
using the parallax method, seeing how 
much they shifted against background 
stars as Earth orbited the Sun. 

Thus, by measuring the period of a 
Cepheid, astronomers could know its 
true brightness — and by comparing that 
to its apparent brightness, calculate how 
far away it was. Astronomers finally had 
a reliable cosmic yardstick. 

Around the same time, the young 
astronomer Harlow Shapley began 
measuring the distribution of globular 
clusters — compact and dense spheres of 
stars. By 1918, he had found that the 
clusters centered around the constella- 
tion Sagittarius, forming a halo around 
the Milky Way. He also made improved 
parallax measurements of Cepheid vari- 
ables, which in turn improved the 
calibration of Leavitt’s relation. 

Using this data, Shapley not only 
located the center of our galaxy — in 
Sagittarius — but also showed that the 
Milky Way was 10 times the size of 


previous estimates. His observations also 
placed our solar system far from the cen- 
ter of the galaxy. Given the size of our 
galaxy, Shapley was convinced that spiral 
nebulae, like globular clusters, were all 
part of the Milky Way. 


The Great Debate 


By the early 20th century, speculation 
about spiral nebulae and the nature 

of the Milky Way had reached a fever 
pitch. Photography clearly showed these 
nebulae had well-defined spiral structure 
composed of countless stars, but there 
were no good measurements of their dis- 
tance to verify whether they were within 
the Milky Way or not. 

In April 1920, Harlow Shapley faced 
off with Heber Curtis at the National 
Museum of Natural History in 
Washington, D.C., in a discussion called 
the Great Debate. Shapley maintained 
that spiral and all other nebulae were 
part of the Milky Way, just like globular 
clusters. But Curtis provided convincing 
evidence that they were independent star 
systems — “island universes,” as he 
called them, a term coined by the 
German philosopher Immanuel Kant. 

Cepheid variables ultimately settled 
the debate. A few years later, while using 
the 100-inch Hooker telescope at Mount 
Wilson Observatory in California, 
Edwin Hubble found Cepheid variables 
in the Andromeda spiral nebula. Using 
Shapley’s calibration of Leavitt’s period- 
luminosity relation, Hubble showed this 
object was 900,000 light-years away, far 
beyond the outskirts of Milky Way. (This 
figure has since been refined to 2.5 mil- 
lion light-years.) In a single measure- 
ment, he proved that the Milky Way was 
not the entire universe, but part of a vast 
sea of island universes. 


Radio astronomy rises 


In the 19th century, astronomers were 
puzzled by large areas along the Milky 
Way almost devoid of stars. These so- 
called coal sacks appeared as dark holes 
against a starry background. At least one 
astronomer speculated they might be 
openings into heaven! 

Because at that time the exploration 
of the Milky Way was still restricted to 
visible light, astronomers were unaware 
that the coal sacks were huge clouds of 
gas and dust blocking the light of distant 


A WARPED VIEW 
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In 2019, the OGLE team released a three-dimensional map of the Milky Way, as traced by over 2,400 
Cepheids. The map shows how the outer portion of the galaxy’s disk is warped. This warping had 
been previously detected, but this was the first time it had been mapped with direct distance 
measurements to stars. san SKOWRON/OGLE/ASTRONOMICAL OBSERVATORY, UNIVERSITY OF WARSAW 


stars. New technology would need to 

be developed before astronomers could 
explore and understand these cold, dark 
clouds running throughout the plane of 
the Milky Way. 

The birth of radio astronomy pro- 
vided this new tool and led to the discov- 
ery that the galaxy is filled not only with 
dust, but also with tremendous amounts 
of cold, neutral hydrogen gas. Most of 
the time, a hydrogen atom’s proton and 
electron spin in the same direction. But 
sometimes, electrons flip and spin in the 
other direction. For any given hydrogen 
atom, this only happens about once every 
100 million years. When it does, energy 
is emitted with a wavelength of 21 centi- 
meters. These waves pass right through 
the clouds of dust that hide visible light, 
which has a much shorter wavelength. 

When astronomers first detected 
21 cm radiation in 1951, they began 
using it to finally peer through these 
clouds to build a fuller picture of our 
Milky Way. By noting the distribution 
of neutral hydrogen, astronomers could 
map unseen portions of the galaxy, trac- 
ing its spiral arms, where hydrogen is 
concentrated. 


The shape of our galaxy 


Over the past 70 years, a picture has 
emerged of a massive galaxy with 
four primary spiral arms. The Sun 
is located 27,000 light-years from the 


galactic center along the Orion Spur, a 
smaller arm located between the Perseus 
and Sagittarius arms. In recent years, 
astronomers have discovered our galaxy’s 
central bulge has a bar structure. And its 
disk of gas and stars is slightly warped 
and twisted, perhaps by gravitational 
interaction with nearby dwarf galaxies. 

There are deeper mysteries yet to be 
resolved. For instance, Newton’s law of 
gravity holds that stars and gas at a gal- 
axy’s outer fringes should orbit slower 
than objects closer to its center — but 
instead, we observe that outer objects 
move faster. This is true in our galaxy, 
as well as others. The only explanation 
— without modifying the law of gravity 
— is the unseen existence of a great deal 
more mass, probably in the form of dark 
matter. But this dark matter has never 
been directly observed. 

To stand out under a dome of shining 
stars and understand their true nature is 
an amazing feat of human ingenuity. To 
fathom the immensity of our galaxy and 
our place in it is a striking act of human 
imagination. Democritus envisioned vast 
numbers of stars beyond his power to 
see. And thanks to countless astronomers 
who came after him, we have found our 
true place in the galaxy we call home. » 


Raymond Shubinski is a contributing 
editor of Astronomy who is fascinated by 
the history of astronomy. 
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BINOCULAR UNIVERSE 


Celestial light show 


Return to the winter skies for more colorful stars. 


Take a tour of winter's 
most colorful stars 
this season. astronomy: 
ROEN KELLY 


BY PHIL 
HARRINGTON 

Phil is a longtime 
contributor to 
Astronomy and the 
author of many books. 


Usually at 
this time 
of year, 


many of us are 
greeted with leaf- 
less trees, barren 
gardens, and snow- 
laden landscapes. 
But while much of 
the daytime views 
may be starved for 
color, the night sky 
is resplendent with 
vibrant stars for 
observers. I offered 
some favorites back 
in my January 2020 
column, and this 
month, we are back 
in search of more 
winter color. 

But how is it that 
astronomers mea- 
sure a star’s color? 
Citing it purely in words can be subjective. So, to quan- 
tify a star’s color, researchers measure its 
magnitude at three wavelengths: ultraviolet 
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obviously the bluest. Compare all three to blue-white 
Rigel (Beta [6] Orionis), which has a B-V value of -0.03. 

As you marvel at Orion’s Belt, glance just 50’ 
southwest of Alnitak to Sigma (6) Orionis. With a B-V 
index of —0.21, Sigma is another one of winter’s bluest 
stars visible with binoculars. As a bonus, if you have 12x 
or higher power binoculars, look carefully and you may 
notice that Sigma has a 7th-magnitude blue-white 
companion star just 40" northeast. Sigma is a quintuple 
star system through telescopes — and in fact the bright- 
est object, Sigma Orionis AB, is actually three stars, but 
it is impossible to split them with a scope. The compo- 
nent visible through most binoculars is known as Sigma 
Orionis E. 

Let’s jump to the opposite end of the visible spectrum 
and hunt for some orange and red stars. Aim at blue 
Zeta (¢) Tauri, the Bull’s southern horn, and glance 
about half a field southwest. There, 4th-magnitude 
119 Tauri smolders like an orange ember. You would 
never know it from its modest brightness, but 119 Tauri 
isa red supergiant like Betelgeuse. In fact, its B-V color 
index of 2.08 makes it even redder than that well-known 
star. But at a distance three times greater, 119 Tauri 
receives little attention. Show it some love on the next 
clear night. 

With a B-V color index of 2.64, UU Aurigae is just 
about winter’s reddest star visible through binoculars. 
It varies between 5th and 7th magnitudes but is typi- 
cally around 6th. You'll find it about 7.5° east of 
Theta (8) Aurigae, along the pentagonal constellation’s 
eastern side. Once there, compare its color 
to that of 51 Aurigae, found one degree 


(abbreviated UV), blue (B), and yellow All three north-northeast. Although they appear 
(V, for visual). The difference between the [stars] look similarly bright, 51 will appear as more yel- 
measured B and V magnitudes, called the like glittering low, compared to its ruddy neighbor. 
B-V color index, is the best way to gauge a hi Finally, glance about 5° north of UU Aur 
star’s true color. The smaller the value, the sapp i to finda right triangle made up of three pale 
bluer the star. The bluest stars can range against a yellow 5th-magnitude stars. Psi’ (y’) lies at 
down to —0.4, while the reddest exceed 2.0. backdrop the right angle, Psi* (y*) marks the triangle’s 
Our Sun, a yellow main sequence star, has a of celestial northern vertex, and Psi’ (w’) the 
B-V color index of 0.66. diamond southeastern vertex. While surveying the 
To better appreciate star colors through dust stars for this column early one morning last 


binoculars, try slightly defocusing the field. 
Doing so diffuses starlight just enough for 
our eyes to detect subtle colors that pass unnoticed 
when in focus. I need no more than an eighth ofa turn 
to make a difference. 

The three stars that make up Orion’s Belt are some 
of the bluest stars in the winter sky. From west to east, 
those are Mintaka (Delta [5] Orionis), Alnilam 
(Epsilon [e] Orionis), and Alnitak (Zeta [¢] Orionis). 
With B-V color indices of -0.39, -0.18 and -0.21, 
respectively, all three look like glittering sapphires 
against a backdrop of celestial diamond dust. Mintaka, 
at the northwest (upper right) end of the Belt, is 


fall, I unexpectedly noticed a small, fuzzy 
patch of light adjacent to Psi’. Glancing at my 
chart, I discovered it was NGC 2281, an open cluster 
containing about 30 stars. The sky was clear enough that 
I was able to resolve a few of the cluster’s brightest mem- 
bers against the faint glow through my 10x50s. 

I'd enjoy hearing if you uncover other colorful stars 
or any unexpected sights. Contact me through my 
website, philharrington.net. Until next month, remem- 
ber that two eyes are better than one. » 


(i BROWSE THE “BINOCULAR UNIVERSE" ARCHIVE AT 
a www.Astronomy.com/Harrington 
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NEW PRODUCTS 


7-inch refractor 
Stellarvue 
Auburn, California 


At 180mm, Stellarvue’s SVX180T is 
their largest apochromatic refract- 
ing telescope yet. It has a limited 
run of only 50 scopes. The scope 
has an f/7 focal ratio and a focal 


Conversations 
with physicists 
Sourcebooks 
Naperville, Illinois 


p THE 
WHERE DI Eavesdrop on a conversa- 


Guide scope aligner 


N Vv E R Ss E tion between physicists length of 1,260 millimeters. The 
poMEBEROM Chris Ferrie and Geraint Leon Fasano SVX180T weighs less than 40 pounds 
F. Lewis in Where Did the Trevor, Wisconsin (18 kilograms) when assembled. 
Universe Come From? And Inventor Leon Fasano created Stellarvue includes a dovetail mount- 
Other Cosmic Questions. the Quick Release Angle Base, or ing base, heavy-duty mounting rings, 
This 272-page book Q-RAB for short, to enable users to a Roadie case, a FO50IW finder scope, 
tackles subjects from the align their guide scope with three and either a 3.5" 
origins of our universe to simple push and pull adjustments. Feather Touch or [iisdsesembeeliebdateesl 
whether black holes ever die. Weighing less than 2 pounds Stellarvue focus- 
Through the lenses of classical (1 kilogram), the Q-RAB requires er. Alternatively, 
physics and quantum mechan- very little counterweight to offset buyers can 
ics, the authors aim to unify and can be permanently attached upgrade the 
(and sometimes contradict) our to both your telescope and guide focuser to the 
understanding of the cosmos. scope. Q-RAB works with any Moonlight 
Attention, $17.99 manufacturer’s equipment. NiteCrawler for 
edi duct | 800-432.7444 $375.00 (Model 6); cl 
for this page, http://read.sourcebooks.com $450.00 (Model 8 MVRM) $17,995 
email products@ 847.975.9611 530.823.7796 
astronomy.com. Lftscope@yahoo.com www-stellarvue.com 


ASTRONOMY MAGAZINE EXCLUSIVE 


6" DESKTOP 


GLOBES 


ff Astronomy » 


Moon Globe - Explore Earth’s Astronomy Pluto Globe - Including 45+ 
closest celestial body with 300 Lt planetary features identified 
of the most notable features Mars Globe - The Red Planet and labeled, this highly- 
and lunar mission landing sites. globe includes 203 planetary detailed globe is perfect for 
features, using images from exploring Pluto. 
the Viking missions. 


Order now! 


MY SCIENCE SHOP MyScienceShop.com/ASYGlobes 


Sales tax where applicable. 
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ASK ASTRO 


TRACKING 
NEARBY 


The orbits of over 
1,400 potentially 
hazardous asteroids 
(PHAs) were mapped 
in this illustration, 
made in 2013. 

Nine years later, an 
additional 800 PHAs 
have been identified. 
NASA/JPL-CALTECH 


Jupiter 


Venus 


Mercury 


Heavenly 
hazards 


A Doomsday impactors are a staple of modern 

science fiction. The most famous real-world 
example of an impact wiping out much of the life on 
Earth is, of course, the object that took out the dino- 
saurs some 66 million years ago. 

Thankfully, events of that magnitude are fairly 
uncommon, happening about once every few hundreds 
of millions of years. But the possibility is there, so space 
agencies around the globe have taken to monitoring the 
skies for near-Earth objects (NEOs). These objects are 
comets and asteroids whose orbits take them within 
1.3 astronomical units (AU; where 1 AU is the average 
distance between Earth and the Sun) of our star. 

On that note, the largest comets and asteroids tend 


to stay far enough away that we have very little to worry 
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about. The largest asteroid considered a NEO is 
1036 Ganymed. This asteroid is about 23 miles 
(37 kilometers) in diameter. With a closest solar 
approach of 1.24 AU, 1036 Ganymed is just within the 
minimum distance to categorize it as an NEO. 

The largest comet in the sky today is 
109P/Swift-Tuttle. At 16 miles (26 km), Swift-Tuttle is 
about twice the size of the object believed to have wiped 
out the dinosaurs. However, this comet poses little 
threat to us, as it makes its closest solar approach of 
0.95 AU every 133 years. And, in fact, we have it to thank 
for the Perseid meteor shower. 

It’s actually the little guys that we need to be more 
concerned about, as they’re more likely to sneak past 
our detection. Earth’s closest encounter on record with 
a known NEO was with 2020 VT,, which passed a mere 
232 miles (375 km) above Earth’s surface Nov. 13, 2020. 
The asteroid was spotted only after it made its closest 
approach. The previous closest asteroid, 2020 QG, had 
skimmed past Earth just three months before 2020 VT,; 
it, too, was not seen prior to its close pass. 


Caitlyn Buongiorno 
Associate Editor 


The January 2019 
lunar eclipse was a 
brilliant red. This may 
have been partially 
due to an eruption 
the month before 

on Anak Krakatau, 
Indonesia. same cooper 


THE VAN ALLEN BELTS INTERNATIONAL 


SPACE STATION 


GEOSTATIONARY 
ORBIT 
22,000 miles 


(36,000 km) 


OUTER BELT INNER BELT 
8,400-36,000 miles 400-6;000 miles Magnetic field lines 
(13,400-58,000 km) (643-9,700 km) 


A During a total lunar eclipse, the Moon passes A The International Space Station (ISS) orbits 

through Earth’s shadow, called the umbra. Earth at an average altitude of 200 to 250 miles 
Our natural satellite isn’t completely dark during (322 to 402 km). A geostationary orbit, or one where the 
the event, however. Earth’s atmosphere bends, or ISS would stay parked above the same spot on Earth, 
refracts, sunlight that passes within a few miles of the would require the station to have an altitude around 
ground (in the lower troposphere) enough to reach 22,000 miles (36,000 km) above the equator. In theory, 
near the umbra’s center. Not all the light reaches that that would work, but the ISS had one major obstacle 


point, however. Air molecules tend to scatter blue holding it back from reaching those heights: the space 
light more than red, which is why the Moon often shuttle. 
appears reddish during these events. Most of the ISS was assembled using NASA's space 
The appearance and colors of the umbra, projected shuttle, which was designed to fly in low Earth orbit. This 
onto the face of the Moon, provide a sort of mirror fleet of orbiting spacecraft was only able to achieve an 
showing what is happening in various layers of the orbital altitude between 190 and 330 miles (304 to 
atmosphere here on Earth. Volcanoes send large 528 km). Luckily, everything space agencies wanted to 
amounts of ash higher up into the stratosphere, along study aboard the ISS, including microgravity and the 
with gases that chemically react to form additional space environment, could be achieved in low Earth orbit. 
lingering aerosols. One of the ways scientists measure There are a few other reasons to keep the ISS in a low 
the amount of volcanic aerosols in the atmosphere Earth orbit as well. Not only do launches and cargo ship- 


(specifically the stratosphere) is through gauging any ments get exponentially more expensive the higher the 
possible increase in darkness during a lunar eclipse. station is, but they also get more dangerous. 

And of course, if the amount of ash is great enough, There are two zones of radiation above the planet, 

the Moon may not be visible at all. consisting of energetic charged particles trapped by 

Steve Albers Earth’s magnetic field. These regions are called the Van 

Lead Scientist for Global Cloud Analysis, Spire Global, Allen belts. They wax and wane, but generally, the inner 

Boulder, Colorado | helt sits at 400 to 6,000 miles (643 to 9,700 km) and the 

outer belt stretches from 8,400 to 36,000 miles (13,400 to 

WHY DOES THE INTERNATIONAL 58,000 km) above Earth. So, putting the ISS even a little 

SPACE STATION ORBIT EARTH? higher than its current orbit would expose the astronauts 


COULDNT IT JUST REMAIN PARKED | en aden teetin 
OVER ONE SPOT? 88 onary Orbit would Pp withi 


the outer radiation zone. 


Robert Chabak 


; : Caitlyn Buongiorno 
Normandy Beach, New Jersey y 9 


Associate Editor 


Two belts of 
dangerous radiation 
encircle Earth, as seen 
in this illustration. The 
International Space 
Station's current orbit 
keeps it safe from the 
inner belt. astronomy: 
ROEN KELLY 


SEND US YOUR 
QUESTIONS 


Send your 
astronomy questions 
via email to askastro@ 
astronomy.com, or 
write to Ask Astro, 
P.O. Box 1612, 
Waukesha, WI 53187. 
Be sure to tell us 
your full name and 
where you live. 
Unfortunately, we 
cannot answer all 
questions submitted. 
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READER GALLERY 


Cosmic portraits 


1. ONE MORE ROUND 

In 2014, Comet 67P/ 
Churyumov-Gerasimenko 
(upper left) was visited by ESA's 
Rosetta craft and Philae lander, 
which touched down on the 
comet's nucleus. Now, the 
comet has completed another 
of its 6.45-year laps of the Sun, 
making its closest approach 
Nov. 2, 2021. This image was 
taken Oct. 11 as it passed by 
the reflection nebula VdB 47 
(lower right) in Taurus. 

« Gerald Rhemann 


2. THE TOWERING TRUNK 
The Elephant Trunk Nebula is 
an extended cloud of dust and 
gas that cocoons many young 
stars within the emission 
nebula IC 1396 in Cepheus. 
This Hubble palette image 
represents 13.1 hours of 
exposure time with a 5-inch 
refractor. « Terry Hancock 
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3. RED LIGHT, GREEN LIGHT 
Inside the faint Flying Bat 
Nebula (Sharpless 2-129) lies 
the even fainter Squid Nebula, 
a tortuous test of imaging 
capability. It was discovered 

in 2011 by the French 
astrophotographer Nicolas 
Outters. In this image, the 
Flying Bat and its HII emission 
are mapped to the red channel; 
the Squid, emitting in OIll, is 
mapped to green and blue. The 
image is made up of 12.3 hours 
of HII data and 24 hours of Olll 
data taken with a combination 
of 2.4- and 2.8-inch telescopes. 
«Jon Talbot/ 

Dean Schwarizenburg 


4. ALL WOUND UP 

NGC 1350 is a gorgeous spiral 
galaxy in Fornax that glows at 
magnitude 10.5. Both its inner 
and outer arms are tightly 
wound and form rings, making 
it appear like a cosmic eye. 

« Warren Keller/Mike Selby 


5. ONE NIGHT 

IN EDMONTON 

This spectacular dusk-to-dawn 
moonlit mosaic of Edmonton, 
Alberta, is a meticulous blend 
of vertical slices from 

2,415 images, each made of a 
six-exposure bracket processed 
and rendered in HDR. The 
movement of clouds between 
frames creates a bristle-stroke 
effect — and occasionally blots 
out the Moon from the sky. 

: Alister Ling 


SEND YOUR IMAGES TO: 
Astronomy Reader Gallery, 

P.O. Box 1612, Waukesha, 

WI 53187. Please include the 
date and location of the image 
and complete photo data: 
telescope, camera, filters, and 
exposures. Submit images by 
email to readergallery@ 
astronomy.com. 
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BREAKTHROUGH 


FORNAX FLAUNTS ITS GIANT EINSTEIN RING 


You'd think a constellation named Fornax the Furnace might have a fiery disposition; the large galaxy cluster seen here 
certainly fits the role. Its gravity has forged four separate images of a remote galaxy into a circular shape Hubble researchers 
christened the “Molten Ring.” In fact, this is the largest Einstein ring known to astronomers. Albert Einstein predicted such 
structures could form when a massive body (the relatively nearby cluster) gravitationally lenses a more distant object (the 
galaxy). The scientists modeled the lens and found that it magnifies the galaxy, which lies 9.4 billion light-years from Earth, 
by a factor of 20. In effect, the cluster gives Hubble the observing power of a 48-meter telescope. esa/Hussie & NASA/S. JHA 
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articles 
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—@ CELESTRON 


A SETUP AS UNIQUE AS YOU ARE 
CUSTOMIZE YOUR TELESCOPE WITH THE PERFECT FINISHING TOUCHES 


. 


STARSENSE SKYPORTAL WIFI POWERTANK LITHIUM 

AUTOALIGN MODULE PORTABLE BATTERIES 
Automatically align your Navigate the sky and slew yc Enjoy up to 17 hours of stargazing 

computerized telescope to the telescope wirele with our safe, reliable lithium 
night sky in about three minutes SkyPortal mobile app batteries. 
with no user input needed. smartpho 6 
Coe 
Roy 


IMAGING ACCESSORIES” = 
Capture your masterpiece with filters, adapi 
-and other accessories that work seamlessly : with — 

your smartphone, DSLR, or astronomical camera. 
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bags designed to fit your telescope 
essories, and tripod perfectly. 
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